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CHAPTER I  
INTRODUCTION
The e f fe c ts  o f  p ro te in  m a ln u tr it io n  on p rim ates . In c lu d in g  man; 
has rece ived  experim ental a t te n t io n  on ly  In  recen t y e a rs . Th is apparent 
I n i t i a l  lac k  o f  s c ie n t i f ic  concern does not appear commensurate w ith  
the  seriousness o f  th is  n u t r i t io n a l  c o n d itio n  as a w orld  h e a lth  problem . 
However, s tu d ies  on humans have t r a d i t io n a l ly  been plagued w ith  th e o re t­
ic a l Inadequacies and m ethodological problem s, thus l im it in g  th e ir  
scope and a p p l ic a b i l i t y .  N onetheless, a t  le a s t two d is t in c t  ways o f  
approaching the  human problem have been described In  the  l i t e r a t u r e *  
a medical model approach, and a behav iora l approach.
The e a r l ie s t  approach, the m edical model, t y p ic a l ly  se lec ted  I t s  
experim ental populations from h o s p ita ls  and c l in ic s .  The cases o f  m al­
n u t r i t io n  th a t were diagnosed were a c u te , severe , and re q u ir in g  Immed­
ia t e  m edical a t te n t io n .  The d e f in it io n s  o f p ro te in  m a ln u tr it io n  th a t  
re s u lte d  from th is  p a r t ic u la r  approach re f le c te d  the s e v e r ity  o f  the  
co n d itio n  the  researchers were t r e a t in g .  Emphasis was placed on phys- 
c a l ,  p h y s io lo g ic a l, and biochem ical inadequacies or d e fic ie n c ie s  In  
these p a t ie n ts , and p a r t ic u la r  a t te n t io n  was given to  the r e la t iv e  per­
manence o f  these "a b n o rm a litie s "  fo llo w in g  n u t r i t io n a l  r e h a b i l i t a t io n .
One o f  th e  f i r s t  In d iv id u a ls  to  d e lin e a te  the  e f fe c ts  o f  p ro te in  
m a ln u tr it io n , or as he c a lle d  I t  "Kwashiorkor" (a  West A fr ic a n  term , 
meaning the n u t r i t io n a l  I l ln e s s  a c h ild  develops when another Is  born, 
from th e  w ider scope o f  m a ln u tr it io n  was W illiam s (1 9 3 1 ), who d e a lt
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w ith  th e  p ro te in  m a ln u tr it io n  p r im a r ily  In  th e  m edical s itu a t io n .
Some o f  the more constant signs o f  Kwashiorkor rep o rted  w ere: edema­
tous t is s u e , growth r e ta rd a t io n , a tro p h ied  muscle tis s u e  w ith  re te n t io n  
o f subcutaneous f a t ,  depigm entatIon o f  s k in , and lig h te n in g  w ith  loss 
o f h a ir  (Chauhan e t  a i .  1968; Davies 1948; McCance and Widdowson 1968; 
Ramallngaswami and Deo 196 8 ). Other signs th a t may or may not be 
present In  Kwashiorkor Included a general enlargem ent o f  l iv e r  c e lls  
and lowered serum p ro te in  le v e ls  (G e ls t e t  a i .  1972; Gopalan e t  a l .  
19 55 ).
Kwashiorkor may be considered a t th e  extreme end o f  the p ro te in  
m a ln u tr it io n  continuum, a c o n d itio n  which I f  not tre a te d  In  a h o sp ita l 
s itu a t io n  o fte n  re s u lte d  In  death from secondary In fe c t io n  and s a t e l l i t e  
d iseases . Furtherm ore, the  re s u lts  o f  th e  research  In  th is  area d id  
not provide p ra c tic a l so lu tio n s  to  the  more m 11d-to-m oderate forms 
o f m a ln u tr it io n , which are  fa r  more numerous than the severe form s.
The people a f f l i c t e d  by Kwashiorkor f a l l  p r im a r ily  w ith in  the 16-18  
month ca teg o ry , w ith  some age v a r ia t io n .  In  most w orld  s o c ie t ie s ,  
however, th e  In fa n t  has not yet been weaned from I t s  mother a t  th is  
age. Thus, the In fa n t  rece ives  an adequate supply o f  p ro te in  which 
In  tu rn  reduces th e  r e la t iv e  frequency o f  Kwashiorkor. Chronic p ro te in  
m a ln u tr it io n , on th e  o ther hand, which a f f l i c t s  c h ild re n  most se v ere ly  
from weaning up to  approxim ately  the age o f  pu berty . Is  much more 
freq uen t In  underdeveloped c o u n tries  where p ro te in  Is  In  reduced 
q u a n tit ie s  but nonetheless p re s e n t. These m ild e r cases o f  chronic  
p ro te in  m a ln u tr it io n  were less d isce rn a b le  to  th e  e a r ly  medical 
researchers  who lim ite d  th e ir  cases to  those re q u ir in g  Immediate
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m edical a t te n t io n .  The r e s u lt  o f  th e  medical model approach y ie ld e d  
a biased sample o f  p ro te in  m a ln u tr it io n  cases and, th e re fo re , a d e f i ­
n i t io n  o f  p ro te in  m a ln u tr it io n  which tended to  exclude th e  more 
freq u en t mi id -c h ro n ic  cases and fx’ovided a l im ite d  p ersp ec tive  o f  the  
e f fe c ts  o f  p ro te in  m a ln u tr it io n  on physiology and b e h av io r.
The second, and more recen t research  approach, has focused on th e  
chron ic  or long-term  cases o f  p ro te in  m a ln u tr it io n . In  c o n tra s t to  
the  m edical m odel's emphasis on fa i lu r e s  to  a d ap t, the  behav iora l 
approach has concentrated on the organism 's a b i l i t y  to  a d ju s t i t s  
physio logy, b io ch em is try , and behavior to  th e  n u t r i t io n a l  d e fic ie n c y  
fo r  the  purpose o f s u rv iv a l.  The signs or symptoms o f p ro te in  m al­
n u t r i t io n  a re  not as pronounced or obvious as in  th e  acu te -severe  
cases, but includes growth r e ta rd a t io n , a tro p h ied  muscle tis s u e  and, 
in  some cases, a reduced serum p ro te in  le v e l .
A v i t a l  p a rt o f  th is  approach in  humans re q u ire s  fie ld w o rk  where 
the  research  team analyzed cases o f  p ro te in  m a ln u tr it io n  in  in d iv id u a ls  
who d id  not re q u ire  immediate medical a t te n t io n , bu t ra th e r  were capa­
b le  o f  fu n c tio n in g  w ith  va ry in g  degrees o f  success in  the s o c ie ty  
(Scrimshaw and Gordon 1968s Moore, e t a l .  1 9 7 2 ). A na lys is  o f  the  
n u tr i t io n a l  d e fic ie n c y  was always post hoc and u s u a lly  w ith o u t ade­
quate c o n tro l over the q u a li ty  and s e v e r ity  o f  the  d ie ts .  However, 
a n a ly s is  o f  th e  p ro te in  m alnourished in d iv id u a ls  w ith in  co n text o f  
th e ir  s o c ie ty  is  not a sim ple procedure. S e le c tio n  o f  d ie ta ry  co ntro l 
su b jects  were most o fte n  based on anthropom etric  c o r re la te s . I t  soon 
became apparent in  th is  approach th a t  groups must a d d it io n a lly  be 
matched w ith  resp ect to  th e ir  environm ental re a r in g  c o n d itio n . Not o n ly
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were these c h ild re n  deprived o f  adequate n u t r i t io n ,  but they a ls o  
tended to  l i v e  in  the squalor and impoverishment o f  the  poor, which  
could p o ss ib ly  confound th e  e f fe c ts  o f  th e  p ro te in  m a ln u tr it io n .
W ith in  human s o c ie t ie s , the necessary co n tro l and m an ip u la tion  o f  
these concom itant and confounding v a r ia b le s  is  o fte n  e t h ic a l ly  in ­
d e fe n s ib le . Thus, these s tu d ie s , w h ile  prov id ing  in te re s t in g  in fo r ­
m ation regard ing  l im ite d  populations o f  in d iv id u a ls , were precluded  
from adequate ly  d e lin e a tin g  the  p rec ise  r o le  o f  p ro te in  d e fic ie n c y  
and the subsequent ad ap tive  process.
A number o f  researchers turned to  animal models to  provide more 
s tr in g e n t experim ental c o n tro l over some o f  these extraneous v a r ­
ia b le s .  Time o f  o n s e t, d u ra tio n , s e v e r ity ,  and q u a li ty  o f  th e  d ie ts  
were ab le  to  be c a r e fu l ly  c o n tro lle d . The e f fe c ts  o f  e a r ly  re a r in g  
c o n d itio n s , in c lu d in g  possib le  in te ra c t io n s  w ith  d ie ta ry  m an ip u la tio n s , 
could be r e a d i ly  assessed. However, th e  va lue  and success o f  any 
animal research  is  p ro p o rtio n a l to  i t s  a p p l ic a b i l i t y  to  the human 
c o n d itio n , and e x tra p o la tio n s  from r a t s ,  chickens and pigs was tenous. 
What was necessary was the  e x p lo ita t io n  o f  organisms th a t  were b io lo g ­
ic a l l y  and behav iora l 1 y in  c lo se  p ro x im ity  to  man. The rhesus macaque 
was one animal o f  choice because o f  i t s  s im i la r i t y  to  man in  blood 
chem istry and ph ys io log y , i t s  p ro tra c te d  developmental h is to ry , and 
advanced c o g n it iv e  developm ent. An experim ental prim ate model was, 
th e re fo re , devised a t th e  U n iv e rs ity  o f  Montana to  study th e  e f fe c ts  
o f  lo n g -te rm  m iId -to -m o d era te  forms o f  p ro te in  m a ln u tr it io n  on sub­
sequent b io lo g ic a l and psychological developm ent.
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A rotein  M a ln u tr it io n  and Behavior
One o f  th e  most obvious b ehav io ra l changes rep o rted  In  m alnour­
ished monkeys was a co n d itio n  o f  h y p erem o tio n a lity  in  u n fa m ilia r  e n v iro ­
nments. In  a study re p o rte d  by Zimmermann, S trobe l and Maguire (1 9 7 0 ), 
o b je c t d is c r im in a tio n  tasks were presented to  both p ro te in  m alnourished  
and h ig h -p ro te in -fe d  rhesus monkeys. Upon i n i t i a l  p res en ta tio n  o f  a 
new o b je c t to  m alnourished mwikeys, they d isp layed  n eg ative  or avo id ­
ance responses to  th e  new s t im u l i .  The n eg ative  a v e rs io n , or fe a r  o f  
new or novel s t im u l i ,  is  c a lle d  neophobia (Zimmermann, S tro b e l, and 
Maguire 1 9 7 0 ). H ig h -p ro te in  monkeys to  whom the same o b jec ts  were a ls o  
presented d id  not demonstrate these a v ers io n s , but ra th e r  they showed 
a c u r io s i t y ,  approach, and p h y s ic a lly  m anipulated th e  new o b je c ts .
In  le a rn in g  experim ents, m alnourished rhesus monkeys do not appear 
to  be d e f ic ie n t  compared to  norm ally  nourished monkeys (S tro b e l and 
Zimmermann, 1972; Zimmermann 1 9 6 9 ). However, the co nd ition s  surround­
ing th e  le a rn in g  t r i a l s  were h ig h ly  s ig n if ic a n t  in  determ ining the  ra te  
o f  re te n t io n  and th e  m o tiv a tio n  o f  m alnourished monkeys. Thus, the  
a b i l i t y  o f  m alnourished rhesus monkeys was not im p a ired , ra th e r  i t  was 
dependent upon th e  c o n d itio n s  surrounding th e  le a rn in g  t r i a l .  In  
le a rn in g  t r i a l s  in  which both pro te in -m alno urished  and we11-nourished  
monkeys were tra in e d  to  s h u tt le  up and down a v e r t ic a l  c y lin d e r  fo r  
food rew ards, s ig n if ic a n t  d iffe re n c e s  were found between the m alnour­
ished monkeys and th e ir  c o n tro ls  (S tro b e l and Zimmermann 1 9 72 ). The 
p re s e n ta tio n  o f  novel o b je c ts  in  th e  te s t in g  apparatus s e v e re ly  d is ­
rup ted  th e  performance o f  th e  p ro te in -m alnourished monkeys. The m al­
nourished macaques showed strong fe a r  and avoidance to  the  novel s t im u li.
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On th e  o ther hand, th e ir  c o n tro ls  showed n e ith e r  fe a r  nor avoidance  
o f  th e  o b je c ts .
Another b ehav io ra l d if fe re n c e  between protein«m aInourished and 
h ig h -p ro te in  monkeys Is  observed in  the  areas o f  s o c ia l behavior among 
monkeys. A study re p o rte d  by Zimmermann e t  a i .  (1972 ) showed q u a l i t a ­
t iv e  and q u a n t ita t iv e  s ig n if ic a n t  d iffe re n c e s  In  the so c ia l behavior 
o f  h ig h - and lo w -p ro te in  monkeys. Q u a n t if ic a tio n  o f  group behavior 
was d iv id e d  In to  f iv e  c a te g o rie s * approach -p lay , avoidance subm ission, 
c lu tc h in g  and s e lf -s t im u la t io n ,  grooming and sexual b e h av io r, and non­
so c ia l b e h a v io r. The re s u lts  In d ic a te d  th a t th e  h ig h -p ro te in  monkeys 
e x h ib ite d  a h igher frequency o f  approach-p lay , sexual behavior and non­
so c ia l behavior than d id  the lo w -p ro te in  monkeys. In  terms o f d u ra tio n  
o f  the  responses th e , h ig h -p ro te in  monkeys spent more tim e In  approach 
and sexual behavior and less tim e In  c lu tc h in g  and nonsocial forms o f  
behavior than d id  th e  m alnourished monkeys. The second phase o f  the  
study (Zimmermann e t  a l .  1972) demonstrated h ig h ly  s ig n if ic a n t  behav­
io ra l  d iffe re n c e s  between h ig h - and lo w -p ro te in  monkeys. Again an 
Increased frequency o f  the " s o c ia l"  ca teg o ries  o f  behavior was observed 
In  th e  h ig h -p ro te in  monkeys. Not o n ly  was the  frequency o f  so c ia l 
in te r a c t io n  h ig h e r, but a ls o  the  d u ra tio n  o f  the  so c ia l behavior was 
s ig n i f ic a n t ly  g re a te r  among th e  h ig h -p ro te in  monkeys. In  a d d itio n  to  
s ig n i f ic a n t ly  less s o c ia l b e h av io r, th e  same m alnourished monkey a lso  
expressed a reduced c u r io s ity  in  m an ipu la tory  experim ents (Zimmermann 
and S tro b e l 1 9 6 9 ), M an ip u la tio n  o f chains in  th e  l iv in g  cages was 
used to  assess the  m an ip u la tory  b ehav io ra l d iffe re n c e s  between h lg h - 
and lo w -p ro te in  monkeys. Three chains hanging from th e  cage were
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attached  to  counters which were re s e t a t  24-hour in te r v a ls *  The re s u lts  
in d ic a te d  a wide d if fe re n c e  between h ig h - and lo w -p ro te in  monkeys: the
average r a te  o f  chain  p u llin g  fo r  a 24-hour perio d  among th e  lo w -p ro te in
monkeys was 2 responses per hour; among the  h ig h -p ro te in  monkeys, the
slow est c h a in -p u l1er in  the  group averaged more p u lls  than d id  th e  
fa s te s t  responder o f  the  lo w -p ro te in  group. These re s u lts  suggested a 
reduced d e s ire  on th e  p a rt o f  th e  lo w -p ro te in  monkeys to  in te r a c t  w ith  
the  e x te rn a l environm ent.
Accompanying h yp erem o tio n a lity  (neophobia), reduced c u r io s ity ,  and 
n o n-soc ia l b e h a v io r, p ro te in -m alnourished  rhesus monkeys have a ls o  been 
rep o rted  to  indu lge in  higher frequencies  o f  "abnorm al" behavior w h ile  
in  a s o c ia liz e d  c o n d itio n  (Holombo 1 9 7 4 ). One o f  th e  most frequent 
abnormal behaviors observed in  th e  m alnourished monkeys was s e l f - b i t in g ,  
fo llow ed  in  frequency by s e lf -c lu tc h in g  and c a ta to n ic  hudd ling . The
co ntro l group, on th e  o ther hand, d isp layed  th e  abnormal behaviors a t
a much lower frequency than th e ir  p ro te in -m alnourished  c o u n te rp a rts .
TIh is ,  from previous s tud ies  o f  p ro te in -m alnourished  rhesus monkeys, 
th e  most obvious a l t e r a t io n  in  behavior appeared to  be ch a ra c te rize d  
as em otional or m o tiv a t io n a l.  The behavior observed in  m alnourished  
monkeys in  changing environm ental c ircum stances, or upon p res en ta tio n  
o f  novel s t im u l i ,  suggests th a t  these s itu a t io n s  a re  s tre s s fu l fo r  the  
organism . The defense re a c tio n s  observed in  the  p r o te in -d e f ic ie n t  
rhesus monkeys, c o l le c t iv e ly  c a lle d  neophobia, a re  increased frequency  
o f  s e l f - b i t in g ,  s e lf -c lu tc h in g ,  c a ta to n ic  h u d d lin g , and avoidance o f  
novel s t im u l i .
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P hys io log ica l C o rre la te s  o f  S tress
ft*ote1n m a ln u tr it io n  appears to  be s tre s s in g  th e  organism , as r e -  
f le t t e d  In  th e  d iffe re n c e s  in  observed behavior pa tte rn s  o f  m alnourished  
and w e l l - fe d  macaques* Does the  s tre ss  th a t  Is  c o rre la te d  w ith  chron ic  
m a ln u tr it io n  In  b eh av io ra l s tu d ies  a ls o  have p h ys io lo g ic a l c o rre la te s ?
Selye (1950 ) re p o rte d  severa l p h ys io lo g ica l c o rre la te s  o f  systemic  
s tre ss  or continued a d m in is tra tio n  o f  a *>subletha1 d a l ly  dosage o f an 
alarm ing s t im u lu s ."  One o f  th e  alarm ing s t im u li id e n t i f ie d  by S elye  
was ch ro n ic  m a ln u tr i t io n .  Some autonomic and p h ys io lo g ica l c o rre la te s  
o f  systemic s tre s s  In d ic a te d  by S e lye  ares reduced basal m etabo lic  
r a te s ,  hypotherm ia, hypoglycem ia, reduced serum p ro te in s , and Increased  
h eart ra te s *  These p h ys io lo g ica l c o rre la te s  o f  system ic s tress  have 
a ls o  been re p o rte d  In  Incidences o f  p ro te in  m a ln u tr it io n  (Chauhan e t  a l .  
1968; G elst e t  a l .  1972; Gopalan e t  a l 1955; McCance and Widdowson 
1968 ; Ramallngaswami and Deo 1968; Smythe and Swanepoel 1962; S trobe l 
1 9 7 2 ).
One o f  the p h y s io lo g ic a l c o rre la te s  o f  s tre ss  rep o rted  by Selye  
(1 9 5 0 ) , and re s u lt in g  from p ro te in  m a ln u tr it io n . Is  Increased heart 
ra te s  ( ta c h y c a rd ia ) . Gopalan e t  a l .  (1955 ) rep o rted  reduced heart ra te s  
(b ra d y c a rd ia ) In  ex trem ely  p ro te in -m alnourished  humans, which he 
a t t r ib u te d  to  reduced to ta l  serum p ro te in s . A fte r  treatm ent w ith  h ig h - 
p ro te in  d ie t s ,  a 30% r is e  In  h e art ra te s  was n o ted . Smythe and 
Swanepoel (1 962 ) a ls o  re p o rted  th re e  cases o f  b radycard ia  accompanying 
proteln -m alnourlshm ent In  humans. The m a jo r ity  o f  e le c tro c a rd io g ra p h ic  
s tu d ie s  (A ppendix) in  cases o f  p ro te in  m a ln u tr it io n  in d ic a te  h ig h ly  
e le v a te d  r a te s ,  or ta c h y c a rd ia , accompanying mal nourishment (Chauhan
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e t  a l ,  1965* Gopalan 1955; K h a li 1 e t  a l»  1969; Smythe and Swanepoel 
S evera l shortcomings may be seen In  th e  rep o rte d  e le c tro c a rd io ­
graph ic  s tu d ie s . F i r s t ,  th e  p a tie n ts  used In  th e  above s tu d ies  a l l  
showed signs o f  K w ash lo rkw , and th e re fo re  m ight be considered to  be 
in  th e  te rm in a l stages o f  p ro te in  m a ln u tr it io n . Beside m an ifes ta tio n s  
o f  acute m a ln u tr it io n , a l l  the  record ings were made w ith in  normal 
c l in ic a l  s e tt in g s ;  thus they may not foe r e f le c t in g  ac tu a l EKG abnor­
m a lit ie s  re s u lt in g  from p ro te in  m a ln u tr it io n . The s itu a t io n a l cond i­
tio n s  under which th e  record ings t o ^  p lace may have produced s u f f i ­
c ie n t  s tre s s  to  e le v a te  the h e a rt r a te s .  An in d ic a t io n  o f  th e  poten­
t i a l l y  s tre s s fu l co n d itio n s  s u f f ic ie n t  to  in flu e n c e  the e le c tro c a rd io ­
grams was suggested in  a study done by Tatoyan and Cherkobich (1972) 
who re p o rte d  th a t  h e a rt ra te s  o f  rhesus monkeys may be increased by as 
much as 60% by th e  presence o f  humans in  th e  reco rd ing  room. Applying  
th is  f in d in g  to  th e  co nd ition s  surrounding th e  EKG stud ies  mentioned 
above, s e v e re ly  m alnourished humans who are  placed in  a strange environ* 
ment may r e f le c t  s im ila r  increases in  h eart r a te s .  Based on the be­
h a v io ra l s tu d ies  o f  p ro te in -m alno urished  macaques, i t  may be suggested 
th a t  th e  neophobia observed in  th e  anim als when placed in  new or novel 
environments may a ls o  be present in  p ro te in -m alnourished  humans. The 
h o s p ita l or c l in ic  may be considered as a novel environm ent, w ith  the  
electrocard io gram s r e f le c t in g  ta ch y card ia  as a r e s u lt  o f  the  neophtA ia. 
Thus, the  tac h y card iac  co n d itio n  assoc iated  w ith  p ro te in  m a ln u tr it io n  
may not have been a d ire c t  r e s u lt  o f  th e  p ro te in  m a ln u tr it io n  as 
in d ic a te d  by Chauhan (1 9 6 8 ), Gopalan (1 9 5 5 ) , K h a lil  e t  a i .  (1969 ) and 
Smythe and Swanepoel (1 9 6 2 ), but in s tea d  may be an in d ir e c t  r e s u lt  o f
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th e  neophobic response to  th e  reco rd ing  s i tu a t io n .
From th e  a v a ila b le  rep o rts  o f  research  in to  the  e f fe c ts  o f  p ro te in  
m a ln u tr it io n  on h e art r a te s ,  i t  may be deduced th a t p ro te in  m a ln u tr it io n  
may be d i r e c t ly  or in d ir e c t ly  c o rre la te d  w ith  e ith e r  a reduced or an 
increased h e art r a t e .  The causes o f  th e  increased h e a rt ra te s  accompany, 
ing  p ro te in  m a ln u tr it io n  have been c o rre la te d  w ith :  lowered serum
p ro te in s  (Gopalan e t  a i.  1 9 5 5 ), reduced serum potassium le v e ls  (Smythe 
and Swanepoel 1 9 6 2 ), reduced magnesium le v e ls  (C addell 196 5 ), and body 
tem peratures v a r ia t io n  (Guyton 1 9 7 1 ). However, one c o r re la t io n  which  
has re c e iv e d  ve ry  l i t t l e  a t te n t io n  is  th a t  o f  p ro te in  m a ln u tr it io n  
w ith  neophobia g iv in g  r is e  to  increased h e art r a te s .  The v a r ia t io n s  
in  h eart ra te s  re p o rte d  in  the l i t e r a t u r e  may be a r e f le c t io n  o f  the  
organsism 's adjustm ent to  reduced p ro te in  a v a i la b i l i t y ;  th e  less  
neophobia, th e  slower may be th e  heart r a t e .  One o f  th e  ph ys io lo g ica l 
measurements th a t  may be used to  determ ine adjustm ent to  reduced p ro te in  
a v a i l a b i l i t y  may be the le v e l o f  th e  serum p ro te in s  (S e lye  19 50 ). By 
e x p lo it in g  a prim ate m odel, w ith  a r ig id  co n tro l o f  th e ir  d ie ts  and 
environm ental v a r ia b le s , i t  may be possib le  to  determ ine i f  a macaque's 
response to  changing environm ental cond ition s  (neophobia) re s u lts  in  
in c re as in g  h eart r a te s ,  or whether i t  is  a p h ys io lo g ica l abnorm ality  
such as reduced serum p ro te in s  or body tem perature v a r ia t io n  th a t p re ­
c ip i t a t e  th e  increased  h e a rt ra te s  found in  p ro te in -m alnourished  organ­
ism s.
Three v a r ia b le s  th a t  must be c o n tro lle d  in  a heart r a te  a n a ly s is  
o f  p ro te inw nalnourished  organisms a re : the  s itu a t io n s  in  which the
e lec tro card io g ram s a re  reco rd ed , th e  environm ental co nd ition s  under
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which th e  organisms have been re a re d , and th e  d ie ts  th e  organisms a re  
m ain ta ined  on . A lso  th e  in te ra c t io n  o f  the  th re e  v a r ia b le s  may be 
considered a fo u r th  v a r ia b le ,  which may be resp o n s ib le  fo r  th e  change 
in  h e a rt ra te s  accompanying p ro te in  m a ln u tr it io n .
In  summary, th e  present experim ent was designed to  examine th e  
hypothesis th a t  ch ron ic  m a ln u tr it io n  in  rhesus monkeys d i f fe r s  from  
adequate ly  fed  c o n tro ls  in  th e ir  c a rd ia c  response to  d i f fe r e n t  record ing  
s itu a t io n s .  The d ire c t io n  and degree o f  ca rd iac  response was hypothe­
s ize d  to  be r e la te d  to  the  degree o f  s tre s s  o f  th e  s itu a t io n .  I t  was 
b e lie v e d  th a t th e  r e la t iv e  c o n tr ib u tio n  o f the  environm ent, the d ie ta ry  
m a n ip u la tio n , or an in te ra c t io n  o f  both to  the  perception  o f s tre s s ,  
could be in d iv id u a lly  assessed through th e  macaque's h e a rt r a te s .
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CHAPTER I I  
METHODOLOGY 
S ubjects
The anim als used throughout th is  study were lab o ra to ry -b o rn  rhesus 
macaques (Macaca m u la t ta )* The s ix te e n  monkeys (Tab le  1 ) ,  or four 
groups o f  fo ur each, were separated from th e ir  mothers a t 90 days o f  
age and placed on a s o lid  food d i e t .  A t 120 days o f age, each o f th e  
monkeys was put on one o f  two p ro te in  v a rie d  d ie ts  (Table  2 ) .  E ight 
o f  the monkeys were placed on a 3*5% p ro te in  d ie t  and e ig h t on a 25% 
p ro te in  d i e t .  The d ie ts  are  is o c a lo r ic  to  each o th e r . D e ta ils  o f the  
d ie t  p re p a ra tio n  may be found in  S tro b e l (1972) and G e is t, Zimmermann 
and S trobe l (1 9 7 2 ).
The two groups o f e ig h t monkeys were fu r th e r  d iv id ed  on the basis  
o f th e ir  usual la b o ra to ry  environments (Table  3 ) .  One o f  the e n v iro n ­
mental ca te g o ries  is  c a lle d  "co n tin u a l s o c ia l iz a t io n " ,  which re fe rs  
to  th e  p o te n t ia l ly  constant s o c ia l contact based on the l iv in g  arrange­
ment o f the monkeys. In  th is  ca teg o ry , four monkeys continuously h ab it*  
uate the same w ire  cage. The o ther category is  termed " is o la t io n "  
s ince each monkey is  m ainta ined in  an in d iv id u a l w ire  cage. The is o ­
la te d  co n d itio n s  a llo w  fo r no so c ia l c o n ta c t, except fo r vocal and 
on ly  occasional v is u a l communication w ith  o ther macaques.
Thus th e  fo ur groups used in  th is  study in c lu d e  one h ig h -p ro te in  
co n tin u o u s ly  s o c ia liz e d  (s o c ia l )  group w ith  4 monkeys, one h ig h -p ro te in
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In d iv id u a l Monkeys Sex B ir th  Date
Group 1
#26 M 2 /10 /71
#27 F 4 /1 4 /7 1
#29 M 6 /16 /71
#30 M 6 /24 /71
Group 2
#31 F 8 /1 3 /7 1
#32 M 10/13/71
#34 M 11 /8 /71
#7217 M 10/24/71
Group 3
#7245 M 6 /5 /7 2
#7329 M 6 /5 /7 2
#7333 M 6 /1 9 /7 2
#36 F 9 /5 /7 2
Group 4
#19 F 5 /2 8 /7 0
#20 M 5 /2 8 /7 0
#21 M 7 /1 /7 0
#22 M 7 /1 4 /7 0
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TABLE 2 . DIET RECORDS
In d iv id u a l Monkeys Aqe a t Onset* Onset o f D iet Type
Group 1
#26 120 6 /9 /7 1 High FTotein
#27 120 8 /1 1 /7 1 High Protein
#29 120 10/13/71 High Protein
#30 120 11/20/71 High Protein
Group 2
#31 120 12/10/71 High P ro te in
#32 120 2 /9 /7 2 High P ro te in
#34 120 3 /6 /7 2 High P ro te in
#7217 120 3 /1 3 /7 2 High P ro te in
Gfoup 3 
#7245 120 2 /6 /7 2 Low P ro te in
#7329 120 2 /6 /7 2 Low P ro te in
#7333 120 2 /1 9 /7 2 Low P ro te in
#36 120 5 /9 /7 2 Low Protein
Group 4
#19 120 9 /2 5 /7 0 Low tV o te in
#20 120 10 /22 /70 Low fV o te in
#21 120 10 /22 /70 Low P ro te i n
#22 120 11 /11 /70 Low Protein
* i n  days
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is o la te d  group* one lo w -p ro te in  continuously  s o c ia liz e d  group and one 
to w -p ro te in - is o la te d  group w ith  four monkeys in  each .
TABLE 3 . DESCRIPTION OF THE EXPERIMENTAL GROUPS OF MONKEYS USED.
Group D ie t Environment Average Age* Time on D ie t *
High
1 fV o te in S ocia l 3 5 .5 31 .5
High
2 R *otein Is o la te 3 0 .2 26.2
Low
3 M*otei n Social 2 0 .5 16 .5
Low
4 M *otein Is o l a te 4 5 .5 4 1 .5
*  in  months
Each o f  th e  four groups was placed in  a s o c ia l room* measuring 
243 .84  X 228.60 x 203 .20  c en tim ete rs * th re e  tim es per week fo r approx­
im a te ly  two hours each sess ion . S ocia l te s tin g  o f  each monkey was 
then reco rd ed .
E Ie c tro c a r diography
E lectrocard iogram s were recorded by means o f  a G ilson two-channel 
physiograph* w ith  thermochromie reco rd in g  paper. The e le c tro d e s  were 
the type used in  the long-term  m on ito ring  o f  th e  human in fa n t 's  ca rd iac  
p o te n t ia ls .  The small s iz e  and foam adhesive com position o f  the e le c t ­
rodes a llow ed  secure attachm ent and high q u a li ty  re co rd in g s . The
e le c tro d e  attachm ent used to  record  the  macaque's EKG approximated the  
b ip o la r  chest lead  used in  human e le c tro c a rd io g ra p h y . Secure a t ta c h -
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ment o f  e le c tro d e s  was provided by e le c tro d e  paste* The same p a tte rn  
and method o f  e le c tro d e  attachm ent was used throughput th is  study in  
order th a t  comparisons o f  record ings could be made between t r a d it io n a l  
EKG reco rd in g  procedures and b io te le m e tr ic  EKG reco rd ing  procedures.
EKG reco rd in g  techniques
Two d i f f e r e n t  record ing  techniques were u t i l i z e d  in  th is  study*
For one phase, th e  t r a d it io n a l  EKG reco rd ing  procedure w ith  the  su b jec t 
d ir e c t ly  a ttach ed  to  the  EKG recorder v ia  the e le c tro d e  cab le  was used. 
For the  o th e r , e lectrocard iogram s were recorded by ra d io  b io te le m e tr ic  
method* In  th is  tech n iq u e , a m in ia tu re  tra n s m itte r  sends the card iac  
p o te n tia ls  to  a re c e iv e r  which then re la y s  the b io p o te n tia ls  to  a 
re c o rd e r* The EKG can then be p r in te d  on paper, flash ed  on an o s c i l ­
loscope, or s to red  on m agnetic ta p e .
The ra d io te le m e try  tra n s m itte r  used in  th is  study was manufactured  
by EKEG E le c tro n ic s  Co. L td . o f  Vancouver, B .C . The tra n s m itte r  is  
1 3 /4  X 2 X 3 /4  inches and weighs 75 grams (F ig u re  5 ) .  The tra n s m itte r  
is  powered by four 1 .5 v . M a llo ry  c e l ls .  I t s  range o f transm ission is  
approxim ately  100 f e e t .  The frequency is  a d ju s ta b le  to  any in  the FM 
ran g e . The frequency th a t  was used in  th is  study was about $2 mega­
c y c le s , which was found to  co n ta in  t lw  le a s t e x te rn a l in te r fe re n c e .
The EKG tra n s m itte r  was a ttached  to  the monkey by a harness o f  my 
own design (F ig u re  6 ) ,  constructed  o f  le a th e r  s traps  w ith  bu ck les , th a t  
could be f i t t e d  over each shoulder and around th e  w a is t .  The tra n s ­
m it te r  was secured in  a pack on the back o f  th e  harness, resem bling  
a back-pack used by humans. The e le c tro d e  w ires  from the tra n s m itte r
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F ig u re  2 . EKG b fo te le rao try  harness,
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were sewn in to  one o f  th e  shoulder s traps  so th a t  they could be af;tached 
by molded a l l ig a t o r  c l ip s  to  th e  e le c tro d es  on the  monkey's c h e s t. A 
dhest p ie c e , a ttach ed  to  each o f  the straps  on the harness, functioned  
to  p ro te c t the secured e le c tro d es  from d is tu rb ance  or displacem ent by 
the  macaque.
fV io r  to  any ac tu a l b io te le m e tr ic  re co rd in g s , a l l  o f  the macaques 
used in  th is  study underwent an adjustm ent period  to  th e  harness. To 
in sure  a m inim al amount o f  d is tr a c t io n  which may in te r fe r e  w ith  the  
c a rd iac  ou tput o f  a p a r t ic u la r  s u b je c t, each monkey wore the harness 
a t le a s t s ix  hours. The e lectrocard iogram s were tra n s m itte d  to  a 
ftrecor FM r e c e iv e r ,  which was in  tu rn  connected to  the  G ilson polygraph  
reco rd er v ia  sh ie ld ed  c a b le . P e r io d ic a l ly , th is  arrangement was 
checked fo r  e x te rn a l n o ise  in te r fe re n c e  and, in  a l l  cases, was found 
to  be no ise  f r e e .
The d u ra tio n  o f  each reco rd ing  session fo r each monkey was ten  
m inu tes . W ith in  the  ten-m inute p e rio d , record ings were made a t  
m inutes 2 , h ,  6 , 8 and 10 o f th e  reco rd ing  sess ions . Through th e  use 
o f in te r v a l  reco rd ing  sessions, th e  a n im a l's  adjustm ent to  the  
environm ental co n d itio n s  may be d e tec ted  by the  v a r ia t io n s  observed 
in  i t s  h e a rt r a t e .
The Four Recording C onditions
Each o f  th e  s ix te e n  monkeys was subjected  to  four d i f fe r e n t  
environm ental co n d itio n s  (T ab le  k ) ,  and e lectrocard io gram s recorded  
in  each . The four experim ental co n d itio n s  used in  th is  study approx­
im ate d i f fe r e n t  degrees o f  s tre s s  on th e  organism . By c a re fu l in t e r -
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TABLE 4 .  THE FOUR EXPERIMENTAL ENVIRONMENTAL CONDITIONS
C on d ition Environments Recordings Took Place
1 Sedated* Ic c  o f  K e tase t/K g . o f  w eight
2 R es tra in e d : prim ate re s tra in in g  ch a ir
3 S ocia l Rooms s o c ia liz e d
4 S ocia l Room: is o la te d
p re ta t lo n  o f  r e s u lts ,  th e  e f fe c t  o f  s tre ss  may be measured by v a r ia t io n s  
o f  th e  h e a rt r a te  e l i c i t e d  in  each c o n d itio n * F u rth e r , by m an ipu la tion  
o f environm ental v a r ia b le s , the degree to  which m a ln u tr it io n  c o n trib u te s  
to  an increased h eart r a te  may be a s ce rta in e d ; fo r  exam ple, i f  the  
heart r a te  v a r ie s  s ig n i f ic a n t ly  between h ig h - and lo w -p ro te in  monkeys, 
in  a l l  four c o n d itio n s , i t  may be assigned th a t  a lack  o f  p ro te in  in  
the d ie t  is  in flu e n c in g  the  h e art r a te  in  some manner.
C on d ition  1
Ten minutes p r io r  to  the beginning o f  the  reco rd ing  p e rio d , each 
monkey was sedated w ith  Ic c .  o f  K etaset per k ilogram  o f body w e ig h t.
The w eights o f  each o f  the  monkeys is  l is te d  in  Table  5 . The anesthe­
t i c  was given in te rm u s c u la r ly w ith  a tu b e rc u lin  s y rin g e . A fte r  ten  
m inutes, each monkey was t o t a l l y  im m obilized by the  K e ta s e t. E le c * - : 
trodes were then a ttached  in  the p re v io u s ly  described manner, w ith  the  
monkey in  a r e c lin in g  p o s it io n , and th e  record ings made w ith  each 
su b jec t a ttach ed  d i r e c t ly  to  the reco rd er v ia  the e le c tro d e  c a b le . 
During ac tu a l re c o rd in g , I  was the  o n ly  in d iv id u a l in  the room, no
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TABLE 5 . INDIVIDUAL WEIGHTS*
In d iv id u a l Monkeys Weights (gms) Group Mean
Group 1
#26 3315
#27 4425
#29 3583
#30 3686 3752
Group 2
#31 2627
#32 4012
#34 3534
#7217 2895 3267
Group 3
#7245 1295
#7329 218o
#7333 1633
#36 1533 1660
Group 4
#19 2661
#20 1512
#21 2687
#22 2977 2459
*on January 1974
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o th er d is tu rbances were present*
C ond ition  2
C o n d itio n  2 d id  no t employ any form o f  sedation  w hatsoever. Each 
monkey was re s tra in e d  In  a standard prim ate re s tra in in g  c h a ir  (F ig u re  
7 ) .  The r e s tra in in g  c h a ir  Is  constructed  from p le x ig la s s , and Is  ap­
p rox im ate ly  75 cm* t a l l  by about 25 cm* w ide* S lid in g  p le x ig la s s  
p la te s  r e s t r a in  the  head and w a is t ,  w h ile  s traps  r e s t r a in  the extrem ** » 
i t i e s .  When th e  monkey was p ro p erly  secured in  the  c h a ir ,  no move­
ment was p o s s ib le . The re s tra in in g  c h a ir  is  lo ca ted  in  the EKG reco rd ­
ing room w here , a g a in , I  was the o n ly  in d iv id u a l present during ac tu a l 
reco rd in g * The e le c tro d es  were secured in  the described manner, w ith  
th e  su b jec t a ttached  d i r e c t ly  to  the recorder v ia  the e le c tro d e  cab le*  
The ten -m inu te  reco rd ing  schedule was then fo llo w e d .
C ond ition  3
In  C on d ition  3 , th e  so c ia l room was used as the environm ental med­
ium. Th is  was the  same so c ia l room used to  observe and record  the  
s o c ia l behavior o f each o f  the groups o f  monkeys th re e  times per week* 
The monkeys were placed in  the s o c ia l room in  th e ir  assigned groups*
EKG record ings were made fo r  each o f  the  monkeys one a t a tim e w h ile  
s o c ia l ly  in te ra c t in g  w ith  the o ther members o f  th e ir  groups* The p re ­
c is e  behavior o f  th e  macaques was not c o rre la te d  w ith  th e  EKG p a tte rn s ;  
th is  is  a study th a t w i l l  be done in  th e  fu tu re *  EKG p o te n tia ls  were 
then tra n s m itte d  to  th e  FH re c e iv e r  which was s itu a te d  in  the observers  
q u a rte rs  o f  th e  so c ia l room. A sh ie ld ed  cable  extended from the  
re c e iv e r  to  the a d jo in in g  reco rd ing  room* No human observers were in
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F ig u re  3 .  Standard prim ate r e s tra in in g  c h a ir .
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th e  s o c ia l room during  reco rd in g  o f  the  e le c tro c ard io g ram s. A fte r  
th e  harness had been a f f ix e d  on one o f  the members o f  the  group in  
th e  s o c ia l room, and being assurred th a t  the  tra n s m itte r  was fu n c tio n ­
in g , th e  te s t in g  began in  the same manner.
C on d ition  4
In  c o n d itio n  4 ,  the  s o c ia l room was used, as in  C ondition  3 | how­
e v e r , in s tea d  o f  the reco rd in g  during  in te ra c t io n  w ith  the  o ther mem­
bers o f  th e  group, each in d iv id u a l monkey was a lo ne  in  the  s o c ia l room. 
A ll  o th er co n d itio n s  were as those in  C ondition  3 .
A na lys is  o f  the  E lectrocard iogram s
The h e a rt ra te s  were ta b u la te d  fo r  each s u b je c t, fo r  each m inute  
th a t a reco rd in g  took p la c e . Thus, fo r  each monkey in  each c o n d itio n , 
f iv e  h eart ra te s  were recorded . The c r i te r io n  fo r  one h eart beat was 
one complete EKG c y c le  or the  P, QPS, and T waves (A ppendix ). An 
a n a ly s is  o f  va rian ce  program (designed by James R . U l l r ic h  and Gordon 
F. P itz  and s to red  in  the  f i l e s  o f th e  computer c e n te r )  was run on a 
DEC system 10 com puter. The v a r ia b le s  an a lyzed , in  th e  language used 
by th e  computer, may be se$A in  Table 6 .
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TABLE 6 . COMPUTER DESIGN USED IN THE HEART RATE ANALYSIS
J j Jg
K, Kg K3 K  ̂ Kg
B1
A2
82
o
83
84
A l -  H ig h -P ro te in  Monkeys 
a 2 -  Low -fVotein  Monkeys 
B f-  H ig h -P ro te in -S o c ia liz e d  
B2- H ig h -P ro te in -Is o la te  
B3- Low -iVotef n-Soci a1 i zed 
B4- L o w -P ro te in -Is o l a te
9 ? L c - 5 minutes record ing  
'  * 3 , ,5  took place  
J , 9 Q K- 4 environm ental cond- 
'  i t io n s
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CHAPTER I I I
RESULTS
C on d ition  1
A n a lys is  o f  in d iv id u a l monkeys
The h e art ra te s  denwnstrated by a l l  monkeys w h ile  under sedation  
o f  K etaset showed v e ry  l i t t l e  v a r ia t io n  w ith in  the  ten -m inu te  reco rd ing  
period (T a b le  ? ) •  The w idest v a r ia t io n  in  h e a rt ra te s  occurred in  two 
o f  the  monkeys in  Group 3 ( lo w -p ro te in -s o c ia l)  w ith  a v a r ia t io n  o f  
18 b e a ts /m in u te . W ith in  Group 1 (h ig h -p r o te in -s o c ia l) ,  the g re a te s t  
in d iv id u a l h e a rt r a te  v a r ia t io n  was 12 b eats /m in u te* Throughout 
C on dition  1 , th e  e ig h t h ig h -p ro te in  monkeys demonstrated much less  
in d iv id u a l v a r ia t io n  than d id  th e  e ig h t lo w -p ro te in  monkeys.  A lso  
observed in  a l l  o f  th e  monkeys under C ondition  1 , was a decrease or 
a maintenance o f  h e a rt ra te s  in  th e  la s t  record ing  m inu te , which may 
in d ic a te  a p h ys io lo g ica l adjustm ent to  the environm ental c ircum stance. 
Another p o ss ib le  e x p la n a tio n  o f  th e  decreased h e a rt ra te s  in  the  f in a l  
record ing  m inute may be the fu r th e r  e f fe c ts  o f  the  sed a tio n .
1 b e lie v e  th e  h eart ra te s  observed w ith in  each group in  C ondition  
1 dem onstrate the  in d iv id u a l v a r ia t io n s  o f  p h ys io lo g ica l processes in  
each o f  th e  monkeys. In  Group 1 , monkey #26 showed an i n i t i a l  h eart 
r a te  o f  ISO /m inute and, by th e  end o f  the reco rd in g  sess ion , m inute 10, 
he had a h e art r a te  o f  Ik k /m in u te . By comparison, monkey #27 had an 
i n i t i a l  h e a rt r a te  o f  l 80 /m in u te  and, a t  m inute 10 , the  h e art r a te  was
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TABLE 7 . INDIVIDUAL HEART RATES UNDER CONDITION 1.
In d iv id u a l Monkeys Minute 2 M inute 4 M inute 6 M inute 8 M inute 10
Group 1
#26 150 150 156 156 144
#27 180 180 180 186 180
#29 168 162 162 156 162
#30 180 180 180 180 168
Group 2
#31 212 212 206 200 200
#32 216 216 222 216 210
#34 192 186 186 192 198
#7217 198 198 198 204 192
Group 3
#7245 216 216 204 198 204
#7329 228 228 222 216 210
#7333 201 210 210 204 210
#36 204 198 192 192 186
Group 4
#19 180 180 186 180 180
#20 174 180 180 174 168
#21 198 192 198 198 192
#22 220 216 216 216 204
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
28
s t i l l  iS o /m in u te * A d iffe re n c e  between in d iv id u a ls  o f  )6  beats /m inute  
is  ra th e r  w ide considering  th a t  two o f  the  lo w -p ro te in  monkeys in  
Group k  ( lo w -p ro te in - is o la te d )  showed e s s e n t ia l ly  the same h eart r a te  
as # 2 6 . As seen in  Tab le  I ,  #29 is  th e  o n ly  fem ale in  Group 1 whose 
h e art r a te  may have been changed under the  in flu e n c e  o f  s e d a tio n . 
However, th e  o th er females in  th is  sample d id  not show increased h eart 
ra te s  over th e ir  male c o u n te rp a rts . As seen in  Table 7» two o ther  
fem a les , #36 in  Group 3 and #19 in  Group 4 , e x h ib ite d  the lowest 
h e a rt ra te s  o f  th e ir  re s p e c tiv e  groups. A g re a te r number o f  females 
is  necessary to  q u a n tify  the c o n tr ib u tio n  o f  sex in  the  e le c tro c a rd io ­
gram s tu d ie s .
In  Group 2 , somewhat less  v a r ia t io n  is  observed between monkeys 
w ith in  the  group. The lowest h e a rt r a te  observed is  found in  monkey 
#3 4 , w ith  a r a te  o f  18 6 /m in u te , whereas th e  h ighest r a te  was found 
in  #32  where a h e a rt r a te  o f  222/m inute was recorded in  m inute 6 , a 
d iffe re n c e  o f  38 b e a ts /m in u te . The in d iv id u a l v a r ia t io n s  observed in  
th e  h ig h -p ro te in  monkeys a re  lower than those found in  lo w -p ro te in  
monkeys. For exam ple, the in d iv id u a l v a r ia t io n  o f  recorded h e art 
ra te s  range from 228/m inute to  18 6 /m in u te , a d if fe re n c e  o f  42 b e a ts . 
A lso in  Group 4 , an even more pronounced v a r ia t io n  is  noted between 
monkeys. The range o f  heart ra te s  extends from 220/m inute to  168/m in­
u te ,  a d if fe re n c e  o f  52 b e a ts . Thus, what is  in d ic a te d  upon in d iv id u ­
a l l y  an a ly z in g  each monkey's h e a rt r a te  in  th is  c o n d itio n  is  a wide 
in d iv id u a l v a r ia t io n .  A fu r th e r  in fe re n c e  may be made concerning th e  
in d iv id u a l v a r ia t io n  in  a monkey a d ju s tin g  to  a lo w -p ro te in  d ie t ,  
presumably, w ith  a c o n tro lle d  q u a n tity  o f  sedation  e x e r t in g  approxim
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
29
m ate ly  th e  same degree o f  a n e s th e s ia , and a l l  o ther va rfab tes  accounted 
f o r ,  th e  fe a r  fa c to r  should be reduced to  a p o in t a t which the e f fe c ts  
o f  m a ln u tr it io n  may be observed. From observatio n  o f  the monkeys 
under s e d a tio n , no physical signs o f fe a r  appeared to  be present in  
th is  c o n d it io n . Thus, i t  may be deduced th a t  monkeys are  v a r ia b ly  
a d ju s tin g  to  th e  m alnourished c o n d itio n  as in d ic a te d  by th e ir  increased  
h eart r a te s .
Group a n a ly s is
The h e a rt ra te s  e x h ib ite d  a t  the  group le v e l in  C ondition  1 express 
even more c le a r ly  th e  p h ys io lo g ica l adjustm ent to  th e  reco rd ing  cond i­
tio n s  (T ab le  8  and F igure 4 ) .  A d e f in i t e  d e c lin e  in  heart ra te s  may 
be seen in  each group, w ith  th e  sharpest d e c lin e  found in  Group 3» w ith  
a d e c lin e  o f  12 h e a rt beats  from the f i r s t  to  th e  la s t  record ing  m in u te .
S t a t is t ic a l  a n a ly s is  o f  the h e a rt ra te s  in  C on d ition  1 re ve a ls  
severa l trends (T ab le  9 )«  When comparisons were made between th e  h e art 
ra te s  o f  th e  h ig h - and lo w -p ro te in  monkeys, th e  d iffe re n c e s  in  the F 
r a t io  were not s t a t i s t i c a l l y  s ig n i f ic a n t .  The average h e a rt r a te  fo r  
the  h ig h -p ro te in  groups in  C ond ition  1 was 1 0 5 .35/m inute as compared 
to  th e  1 9 9 .50/m inute fo r  the lo w -p ro te in  monkeys (F ig u re  5 ) .  When th e  
environment alone is  an a lyzed , no s t a t is t ic a l  s ig n if ic a n c e  is  found. 
Thus, under C on d ition  1 , l iv in g  in  continuous s o c ia l iz a t io n  or is o la t io n  
d id  not produce s ig n if ic a n t  d iffe re n c e s  in  the  h eart r a te s .  In  Condi­
t io n  1 ,  th e  c o n tin u o u s -s o c ia lize d  monkey's average heart r a te  was 
187 . 95/m in u te  w h ile  th a t  o f  th e  is o la te d  monkey averaged 1 9 7 .15/m inute  
(F ig u re  6 ) .
Somewhat d i f fe r e n t  re s u lts  are  obtained when d ie t  and environment
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TABLE 8 .  SUMMARIZED HEART RATES UNDER CONDITION 1.
In d iv id u a l Monkeys M inute 2 M inute 4 M inute 6 M inute 8 M inute 10
Group t 169 .5 168 169.5 169.5 163.5
Group 2 204 .5 203 203 203 202 .5
Group 3 214 .5 213 207 207 202 .5
Group 4 193 193.5 195 192 186
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
30<
31
Condition 1
281
240'o-w
3C
I 220'
PC
^  200
os-
180
160
10
0
G r o u p  1= ■ 
G r o u p  2= ■ 
G r o u p  3=  5 
G r o u p  4
#V■
+ t \0 t CO 4
Minutes Recording Took Place
P i ' f u r e  4 .  G r o u p  h e a r t  r a t e s  i n  10  m i n u t e  p e r i o d  i n  C o n d i t i o n  1
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
32
TABLE 9 . SUMMARY OF THE ANALYSIS OF VARIANCE; CONDITION I (SEDATED).
Source SS d f MS F
A 4147.20 1 4147.20 4 .5 27
B 1692,80 1 1*92 ;80 i;8 4 8
AB 13005.0 1 13005.0 14 .196*
J 521.300 4 130.325 6 .9 6 0 *
AJ 110.300 4 27.5750 1.473
BJ 76.7000 4 19.1750 1.024
ABJ 138.500 4 34.6249 1.849
♦ s ig n if ic a n t  a t  th e  ,01 le v e l
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Figure 5. Average heart rates of the high and low protein 
groups in each of the four environmental conditions.
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a re  analyzed s im u ltan eo u s ly . The s t a t is t ic a l  a n a ly s is  o f  each o f  th e  
fo u r groups in  C on d ition  1 y ie ld s  a .01 le v e l o f  s ig n if ic a n c e . In  
Group 1 (h ig h -p r o te in -s o c ia l)  the average h eart r a te  was 168/m inute, 
w h ile  Group 2 (h ig h -p r o te in - is o la te )  averaged 2 0 2 .7 0 /m in u te , and 
Group 4 averaged 191.6 0 /m in u te  (F ig u re  4 ) ,  The average heart ra te  
observed in  each group may be used as a basal h eart r a te  from which 
la t e r  comparisons may be made.
S everal in fe ren ces  may be made concerning th e  d iffe re n c e s  observed 
in  each o f  th e  fo ur groups. The com parative ly  lower h eart ra te s  
found in  Group 1 may be taken  as a "norm al"  h eart r a te  w ith in  the  
la b o ra to ry  environm ent; no d ie ta ry  or environm ental s tre ss  is  exerted  
upon th is  group s in c e , supposedly, i t  is  m aintained on optim al d ie t  
and l iv in g  c o n d itio n s . However, when th e  l iv in g  cond ition s  are  manip­
u la te d  such th a t  Is o la t io n  is  su b s titu ed  fo r  continous s o c ia l iz a t io n ,  
a s ig n if ic a n t  increase  in  h e a rt ra te s  is  observed, a fa c to r  which was 
not in d ic a te d  by lumping o f  th e  s o c ia liz e d  and is o la te d  groups, as seen 
in  F igure  6 .  In  comparison to  Group 1 , both th e  lo w -p ro te in  groups 
(Groups 3 and 4 )  in d ic a te  considerab ly  higher h eart r a te s ,  2 07 ,90 /m in ­
u te  and 191,60 /m inu te  re s p e c t iv e ly  (F ig u re  6 ) .  Thus, i t  appears th a t  
p ro te in  m a ln u tr it io n  may s ig n i f ic a n t ly  a f fe c t  h eart r a te s .
By in d iv id u a lly  an a lyz in g  the  h eart ra te s  o f  each group, v a r ia t io n s  
in  average h eart ra te s  o f  the two lo w -p ro te in  groups may be observed.
In  Group 3 ( lo w -p r o te in -s o c ia l ) ,  a co ns iderab ly  h igher h e art r a te  is  
found than in  Group 4 ( lo w -p r o te in - is o la te ) ,  a tre n d  q u ite  co n tra ry  
to  th a t found in  the two h ig h -p ro te in  groups. T h is  may be a fu n ctio n  
o f  th e  co n s id erab le  d iffe re n c e  between the mean ages o f  the two groups
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
36
I I
300
I I I I V
o
CO
2 80 CTi00
fsî
260
oLO
LO LO
2 4 0
o
OO
o
OO
OO
X  2 00
o
ofN
1 8 0
oo160
u o o o o u o w o C_) o CJ o w o
O i n o CO o CO o CO o CO o CO O CO o CO
i n CO ¥—t CO CO CO CO CO CO
Cu d d Cu d d (X d e x d (X IX X d
a c 3 : v - j X X I 3 : X I r X X I X )
F i g u r e 7, A v e r a g e he a r t r a t e s o f  e a c h o f t h e  f o u r g r o u p s
i n  e a c h  o f  t h e  e n v i r o n m e n t a l  c o n d i t i o n s .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
37
(T a b le  3 ) ;  th e  average age o f  Group 3 is  2 0 .5  months as compared to  
4 5 .5  months fo r  Group 4 .  Among Inmans» heart ra te s  a re  h ig h ly  
dependent upon age, w ith  fa s te r  ra te s  being c h a ra c te r is t ic  o f  younger 
people (Guyton 1 9 7 1 ). To d a te , no documentation e x is ts  as to  the  
c o n tr ib u tio n  o f  age to  rhesus monkey's h eart r a t e ,  however, I  b e lie v e ,  
th e  same in fe re n c e  can be made in  macaque's h eart ra te s  as those o f  
humans. Thus, th e  age d iffe re n c e  between the  two groups may be in t e r ­
fe r in g  w ith  the  ac tu a l e f fe c ts  o f  p ro te in  m a ln u tr it io n . W ith th e  age 
ad justed  in  Group 3 , the h eart ra te s  o f  the macaque's would l ik e ly  be 
somewhat reduced .
Another fa c to r  which may e x p la in  th e  v a r ia t io n s  between Group 3 
and 4 is  th e  len g th  o f  tim e each group has been m aintained on the  
p r o te in -d e f ic ie n t  d ie ts  (T ab le  3 ) .  Group 4 has been on the lo w -p ro te in  
d ie t  more than tw ice  as long as Group 3 and may have made a more 
e f f ic ie n t  p h ys io lo g ic a l ad jus tm ent, o p tim iz in g  th e  lim ite d  p ro te in  
in ta k e . On th e  o ther hand. Group 3 may not have made the  same 
p h y s io lo g ica l o p t im iz a t io n , th is  being expressed by an increased ra te  
o f  c a rd iac  f i r i n g .  The d iffe re n c e s  between Groups 3 and 4 were not 
l im ite d  to  C on d ition  I ,  but were ve ry  co n s is te n t throughout th e  o ther  
th re e  co n d itio n s  (F ig u re  7 ) .
C on d ition  2
A na lys is  o f  in d iv id u a l monkeys
Under t o ta l  r e s t r a in t  (C o n d itio n  2 ) ,  the most ra p id  h e art ra te s  
o f  th is  study were reco rd ed . A l l  s ix te e n  monkeys showed s ig b $ f ié *n t  
increases over th e  previous c o n d itio n  (s e d a tio n ) (T ab le  1 0 ) .  The most
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TABLE 10. INDIVIDUAL HEART RATES UNDER CONDITION 2 .
In d iv id u a l Monkeys M inute 2 1Minute 4 M inute 6 M inute 8 Minute 10
Group 1
#26 210 204 198 198 192
#27 264 264 264 258 252
#29 234 234 240 246 246
#30 252 246 240 246 246
Group 2
#31 258 258 258 258 252
#32 246 240 246 246 246
#34 258 264 252 246 252
#7217 246 246 246 240 246
Group 3
#7245 270 270 270 270 270
#7329 294 288 294 294 294
#7333 306 312 312 312 312
#36 300 300 300 294 294
Group 4
#19 294 294 294 288 276
#20 294 294 294 300 294
#21 283 282 282 288 288
#294 294 282 282 282 288
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d ram atic  increases  in  h eart ra te s  were found in  Grw#p 3 ( lo w -p ro te in -  
s o c ia t )  and Group k  ( io w -p r o te in - is o la te s ) .  One member o f Group 3 
(monkey #7333) had an i n i t i a l  h e a rt r a te  in  C on d ition  I o f 201/m inute; 
in  C o n d itio n  2 th e  h e a rt r a te  was 306 /m in u te , a r is e  o f  105 /m inute . 
Another member o f  th is  group showed a heart r a te  increase o f  96 /m inu te . 
In  Group 4 ,  even more dram atic h e a rt r a te  increases were observed under 
th e  h igh s tre s s  s itu a t io n ;  fo r  example, th e  h eart r a te  o f  monkey #19 
had e s c a la te d  to  29 4 /m in u te , an in crease  o f  114 /m inu te . Another member 
o f Group 4 , monkey #20 , had an i n i t i a l  r a te  in  C ondition  1 o f  174/m in­
u te , w h ile  in  C on d ition  2 , the i n i t i a l  r a te  was 29 4 /m inu te , an increase  
o f 130 beats a m inute over the previous c o n d itio n . The change in  
heart ra te s  in  C on d ition  1 and 2 was th e  g re a te s t increase in  heart 
ra te s  found in  th is  s tu d y .
W hile e x h ib it in g  co n s id erab ly  higher heart ra te s  in  C ondition  2 
than in  C on d ition  1 , th e  increase o f  the h ig h -p ro te in  monkeys was not 
as dram atic  as th a t  o f  th e  lo w -p ro te in  groups. In  Group 1 , fo r example, 
monkey #27 showed a h e art r a te  increase o f 84 /m inute under C ondition  2 
compared w ith  C on d itio n  1 . The r e s t  o f  th e  h ig h -p ro te in  monkeys 
averaged a h eart r a te  in c re a s e , in  C on d ition  2 ,  o f  approxim ately  
89 b e a ts /m in u te .
In  comparing th e  responses o f  th e  e ig h t in d iv id u a l h ig h -p ro te in  
monkeys, under C o n d itio n  1 and 2 , an unexpected d iffe re n c e  was a dec­
reased a c c e le ra tio n  o f  h e art ra te s  in  Group 2 under C ondition  2 . The 
heart ra te s  o f  the Group 1 monkeys increased an average o f 70 b e a ts /  
m inute w h ile  those o f  Group 2 increased an average o f o n ly  ap p ro x i# - 
m ate ly  SO b e a ti/m fn t ite .
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TABLE î l .  SUMMARIZED HEART RATES UNDER CONDITION 2 .
In d iv id u a l Monkeys M inute 2 M inute 4 M inute 6 M inute 8 M inute 10
Group 1 240 237 235-5 235 .5 231
Group 2 252 252 2 5 0 .5 247 .5 249
Group 3 2 9 2 .5 292 .5 294 292 .5 292 .5
Group 4 292 .5 291 288 28 9 .5 28 6 .5
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(k*oup a n a ly s is
Upon group a n a ly s ts , th e  d iffe re n c e s  between h ig h - and lo w -p ro te in  
mmkeys become even more obvious (F ig u re  8 ) .  R esults obtained w h ile  
the  monkeys were re s tra in e d  in d ic a te  the  g re a te r  amount o f  fe a r  
(neo phobia) perceived  by th e  lo w -p ro te in  monkeys * As shown in  F igure  
5* th e  average h e art ra te s  fo r both th e  h ig h - and lo w -p ro te in  monkeys 
were 243/m inu te  fo r th e  h ig h -p ro te in  monkeys, and 291.15 /m in u te  fo r  
th e  N w -p ro te in  monkeys, a d if fe re n c e  s t a t i s t i c a l l y  s ig n if ic a n t  a t th e  
•01 le v e l o f  confidence (T ab le  1 2 ) .  Not o n ly  d id  th e  lo w -p ro te in  
groups respond w ith  higher heart ra te s  under r e s t r a in t ,  but th e  monkeys 
a lso  showed v e ry  l i t t l e  decrease in  h e art ra te s  over th e  ten-m inute  
reco rd ing  session (T a b le  1 0 ) . In  Group 3 ,  th e  average heart r a te s ,  a t  
m inute 10 , were id e n t ic a l to  those a t m inute 2 o f  th e  record ing  session, 
w h ile  Group 4 showed a heart r a te  decrease o f  6 /m inute  a t m inute 10 
compared to  m inute 2 .  Group 1 , on th e  o ther hand, showed a decrease  
o f  9 be ats /m in u te  a t  m inute 10 compared w ith  m inute 2 . Group 2 demon­
s tra te d  a h eart r a te  decrease o f  approxim ately  3 beats /m inute  a t  m in­
u te  10 as compared to  m inute 2#
Though not s t a t i s t i c a l l y  s ig n i f ic a n t ,  c e r ta in  re s u lts  may in d ic a te  
v a r ia t io n s  in  th e  a b i l i t y  o f groups o f  monkeys to  adapt to  th e  high  
s tre s s  co n d itio n  (F ig u re  7 ) .  As was observed in  C ond ition  1 , Group 1 
demonstrated the low est average heart r a te  throughout th e  record ing  
sess ions . They a ls o  showed the g re a te s t red u c tio n  o f  heart ra te s  a t  
th e  end o f  th e  reco rd in g  sess ion , in d ic a t in g  th e  anim als* p h ys io lo g ica l 
and b eh av io ra l adjustm ent to  e x te r n a l ly  ap p lie d  s tre s s . Group 2 a lso  
dem onstrated a co n s id erab ly  lower h e art r a te  than e ith e r  o f  th e  two
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TABLE 12 . SUMMARY OF THE ANALYSIS OF VARIANCE; CONDITION 2 
(RESTRAINED).
Source SS d f MS F
A 4 6 )6 8 .5 1 46368 .5 37 .105*
B 616.050 1 616,050 1.254
AB 1566*45 1 1566.45 1.254
J 190.80 4 47 .70 0 2 .475
AJ 28,7997 4 7 .199 0 .373
BJ 16.200 4 4 .0 4 9 0 ,2 10
ABJ 91.800 4 22.950 1.191
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lo w -p ro te in  groups. C o l le c t iv e ly ,  the  two h ig h -p ro te in  groups may be 
sa id  to  have made adjustm ent to  the ap p lie d  s tre s s , w h ile  the two lo w - 
p ro te in  groups were ex trem ely  a f fe c te d  by the  s tre s s  as in d ic a te d  by 
t h e i r  h ig h ly  e le v a te d  heart r a te s .
C ond ition  3
A n a lys is  o f  in d iv id u a l monkeys
In  th is  c o n d itio n , the s tre sso r may be considered to  be the  
fo rced  s o c ia l p ro x im ity  in  the  so c ia l room. The re s u lts  obtained  
are  in  support o f  considerab le  d iffe re n c e s  in  h eart ra te s  between 
the  h ig h - and low.»protein groups (Table  1 3 ). However, one po in t which  
is  f a i r l y  obvious in  th e  in d iv id u a l an a ly s is  o f  th e  data is  the  
d iffe re n c e  between the s o c ia liz e d  and one o f the is o la te d  groups.
Group 4 ,  In  the previous two c o n d itio n s , ve ry  l i t t l e  v a r ia b i l i t y  
in  h eart ra te s  was noted between these two c a te g o r ie s . Monkey 
#22 in  Group 4 ( lo w -p ro te in - is o la te )  had an i n i t i a l  h eart r a te  o f  222 
b e a ts /m in u te , which was w e ll w ith in  the  range o f  even th e  h ig h -p ro te in  
monkeys in  th is  c o n d itio n . However, beginning in  m inute 4 and 
c o n tin u in g  through m inute 8 , the  h e a rt r a te  had increased s ig n i f ic a n t ly ,  
from 222 b eats /m in u te  to  228 b e a ts /m in u te . At th e  end o f  minute 10, 
th e  h e a rt r a te  had re tu rn e d  to  228 b e a ts /m in u te , a f lu c to e tic m  >éf 660 
b e a ts /m in u te . Another member o f th is  group, monkey #21, showed a 
s im ila r  but less  dram atic v a r ia t io n  in  h is  heart r a t e .  At the end o f  
m inute 6 o f  the  reco rd in g  sess io n , a heart r a te  o f  264/m inute was 
recorded; by th e  end o f  m inute 8 ,  i t  had dropped to  228/m inu te , a 
drop o f  36 b e a ts /m in u te . Given th e  fa c t  th a t th is  group o f monkeys
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TABLE 13 . INDIVIDUAL HEART RATES UNDER CONDITION 3 .
In d iv id u a l Monkeys M inute 2 M inute 4 M inute 6 Minute 8 M inute 10
Group 1
#26 222 222 234 240 234
#27 198 228 234 228 228
#29 216 222 204 204 204
#30 234 228 228 210 228
Group 2
#31 252 246 246 246 234
#32 222 222 222 228 234
#34 216 216 222 210 216
#7217 246 246 234 228 240
Group 3
#7245 246 252 252 252 246
#7329 252 240 252 264 264
#7333 264 270 240 258 246
#36 270 270 258 270 264
Group 4
#19 228 216 222 216 204
#20 240 234 222 228 222
#21 246 252 264 228 240
#22 222 252 276 288 228
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is  n o rm ally  is o la te d , the  s o c ia l iz a t io n  may be fea r-p ro v o k in g  w ith  one 
o f  th e  r e s u lts  being r e f le c te d  in  an increased h e art r a te .  One o f  the  
shortcomings o f  th is  study in v o lv in g  th e  record ing  o f  EKG's during  
s o c ia l in te ra c t io n s  o f  th e  monkeys is  the lack o f  c o rre la te d  so c ia l 
b e h a v io r. An aggressive response is  l i k e ly  to  be rec ip ro ca ted  in  an 
increased p h y s io lo g ic a l arousal (in creased  heart r a te )  on the  part 
o f th e  aggressee. Thus, the  v a r ia t io n s  in  heart ra te s  in  Group 4 may 
be an In d ic a t io n  o f  aggressive behavior w ith in  the  group which occurred  
during  the  reco rd in g  sessions , given the  fa c t th a t a g o n is tic  behavior 
occurs more fre q u e n tly  in  th is  group. Future research  in  th is  area  
w i l l  re q u ire  a r ig id  cooperation o f  researchers record ing  so c ia l be­
havio r w ith  those reco rd ing  e le c tro c ard io g ram s.
Group a n a ly s is
W ith in  C on d ition  3 , u n lik e  th e  preceding c o n d itio n s , not one group 
w ith in  th e  sample demonstrated a c o n tin u a lly  decreasing heart r a te  in  
the  10-m inute reco rd in g  session (F ig u re  9 and Tab le  1 4 ) .  The e le v a to r  
o f  h e a rt ra te s  w ith in  the  m idd le reco rd ing  periods may be r e f le c t in g  
the s o c ia l in te ra c t io n s  o f anim als in  the  so c ia l room. The h eart ra te s  
observed in  both lo w -p ro te in  groups do, however, show a g rea te r v a r ia ­
t io n  than those o f  the  h ig h -p ro te in  groups. As seen in  Tab le  14, the  
mean group h e a rt ra te s  o f  Group 4 were 246/m inute a t m inute 6 ,  w h ile  
a t th e  end o f  m inute 10 th e  h eart r a te  had fa l le n  to  223 . 5/m in u te .
Group 3 a ls o  demonstrated a f a i r l y  wide v a r ia t io n  in  heart ra te s ;  fo r  
exam ple, in  m inute 6 th e  mean h eart r a te  was 250 .5 /m in u te  and, a f te r  
m inute 8 ,  had increased to  261 /m in u te . The h ig h -p ro te in  groups, on 
th e  o th er hand, e x h ib ite d  somewhat less  v a r ia t io n  in  the  so c ia l c o n d i-
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TABLE 14 . SUMKARIZEO HEART RATES UNDER CONDITION 3 .
In d iv id u a l Monkeys M inute 2 M inute 4 M inute 6 M inute 8 M inute 10
Group 1 2 1 7 .5 225 225 22 0 .5 220 .5
Group 2 234 2 3 2 .5 231 228 231
Group 3 258 258 2 5 0 .5 261 255
Group 4 234 2 3 8 .5 246 240 2 2 3 .5
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tio n s «  The mean h e a rt ra te  fo r  Group 1 in  m inute 2 was 217 .5 /m in u te  
and by m inutes 4 and 6 had reached i t s  peak o f 225 /m inu te . Group 2 
demonstrated even less  v a r ia t io n  w ith in  th e  te n ^ in u te  p e rio d . At 
m inute 2 ,  Group 1 had a mean heart r a te  o f  234/m inute compared w ith  
a mean h e a rt r a te  o f  228/m inute a f te r  m inute 8 ,
As in d ic a te d  in  F igure 5 and T ab le  14, the h ig h -p ro te in  groups' 
heart r a te  showed considerab le  d iffe re n c e s  which are  s t a t is t ic a l ly  
s ig n if ic a n t  a t  th e  ,01 le v e l (T ab le  1 5 ) .  Even though s t a t is t ic a l  
s ig n if ic a n c e  was not reached (T ab le  1 5 ), th e  h eart ra te s  observed in  
Group I ,  in  C on d ition  3 , In d ic a te d  a more " e f f ic ie n t "  adjustment to  
changing environm ental cond itions  (F ig u re  7)« Group I had a mean 
h e art r a te  o f  2 22 .20 /m in u te  as compared to  a mean heart r a te  o f  2 3 1 .3 0 /  
m inute found in  Group 2 .  The lo w -p ro te in -s o c ia l group (Group 3 ) demon­
s tra te d  a mean h e art r a te  o f 2 5 6 .5 0 /m in u te , and Group 4 had a mean ' 
heart r a te  o f  2 3 6 . 4 0 /m in u te . The e le va ted  heart ra te  associated w ith  
Group 3 again  may be accounted fo r  on the  basis o f  th e  age d iffe re n c e s  
and len g th  o f  tim e on th e  reduced p ro te in  d i e t .
C on d ition  4
A na lys is  o f  in d iv id u a l monkeys
Under is o la te d  c o n d itio n s , th e  h e art ra te s  o f  the four groups were 
q u ite  v a r ia b le  (T ab le  1 6 ) .  In  Group I ,  monkey #29 showed a h e art r a te  
o f  252/m in u te  a t  m inute 2 , w h ile  a t  th e  end o f m inute 4 i t  was 186/m in­
u te .  In  m inute 8 ,  h is  heart r a te  had r is e n  to  246 /m inu te .
Of th e  four groups, th e  h ig h -p ro te in - is o la te s  demonstrated the  
most s ta b le  h e a rt ra te s  under C on d ition  4 .  One monkey in  th is  group, 
#3 2 ,  had an i n i t i a l  h e art r a te  o f  252/m inute a t  m inute 2 , and a t the
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table  15 . SUMMARY OF THE ANALYSIS OF VARIANCE* CONDITION 3 (SOCIAL),
Source SS d f MS F
A 7761.80 1 7761.80 10 .576*
B 605.00 1 605.00 0 .824
AB 4263.20 1 4263 .20 5.809
J 403 .70 4 100.925 0 .7 4 4
AJ 268.70 4 67 .175 0 .4 9 5
BJ 294.500 4 73 .625 0 .543
ABJ 656.30 4 164.075 1.210
* s ig n i f ic a n t  a t the .01 le v e l
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TABLE 16 . INDIVIDUAL HEART RATES UNDER CONDITION 4 .
In d iv id u a l Monkeys M inute 2 M inute 4 M inute 6 M inute 8 M inute 10
Group 1
#26 234 240 240 210 216
#27 240 240 234 234 228
#29 252 186 192 246 234
#30 216 240 228 234 234
Group 2
#31 22d 228 234 246 240
#32 252 228 228 210 204
#34 216 222 210 222 205
#7217 216 240 228 234 234
Group 3
#7245 246 252 252 252 246
#7329 252 240 252 264 264
#7333 264 270 258 270 264
#36 270 270 258 270 264
Group 4
#19 246 234 234 228 210
#20 240 246 252 252 252
#21 270 252 264 252 246
#22 246 228 216 204 198
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end o f  m inute 10 had dropped to  204 /m in u te , However, the h eart r a te  o f  
#32  showed a gradual decrease throughout th e  10-m inute period ra th e r  
than a sharp d e c lin e  or increase o f  heart r a te .  This type o f  v a r ia ­
b i l i t y  was noted a ls o  in  the o ther members o f  Group 2 , Groups 3 and 
4 , on the  o th e r hand, d isp layed  q u ite  the  opposite p ic tu re ; in  these  
lo w -p ro te in  groups, a gradual le v e lin g  o f f  or decrease o f heart ra te s  
was found. For exam ple, a l l  members o f  Group 3 showed a decrease o f  
h e a rt ra te s  in  the  m iddle record ing  periods (m inutes 4 -8 )  o n ly  to  be 
fo llow ed  by an increased heart r a te  in  th e  f in a l  record ing m inu te .
Th is  type o f  p a tte rn  was a ls o  found in  two o f th e  monkeys in  Group 4 .
When th e  h e art ra te s  alone are analyzed . Groups 1 and 2 show«d 
another s t r ik in g  d if fe r e n c e . Higher heart ra te s  are  found in  Group 1 
than in  Group 2 . S ince Group 1 norm ally  is  in  th e  so c ia l room w ith  
the  o ther members o f  the  group, th e  is o la t io n  o f  a monkey may c o n tr ib ­
u te  to  the increased  heart r a te s .  The is o la te d  monkeys (Group 2 ) are  
accustomed to  the  is o la t io n  and, th e re fo re , may not be th reatened  by 
is o la t io n  in  th e  s o c ia l room; they demonstrate a reduced heart ra te  
compared to  th e ir  s o c ia liz e d  c o u n te rp a rts .
Group an a ly s is
A n a lys is  o f  th e  group heart ra te s  in  C ond ition  4 even more c le a r ly  
show th e  d if fe re n c e  between th e  Is o la te d  and s o c ia l groups (T ab le  17 
and F igure  1 0 ) . Throughout th e  10-m inute record ing  p erio d . Group 1 is  
seen to  have a h igher mean heart r a t e .  Group 3 a ls o  demonstrated a 
higher r a te  in  the s o c ia l c o n d itio n  (C o nd ition  3 ) than in  th e  is o la te d  
c o n d itio n  (C o n d itio n  4 ) ;  however, i t  should be r e ite r a te d  t h a t ,  through* 
out th is  s tu d y . Group 3 has m ain ta ined  a higher h e art r a te  than Group 4
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TABLE 17 . SUMMARIZED HEART RATES UNDER CONDITION 4 .
In d iv id u a l Monkeys M inute 2 M inute 4 M inute 6 M inute 8 M inute 10
Group 1 235 .5 226 .5 223 .5 231 228
Group 2 228 222 222 223.5 216
Group 3 258 256 250 .5 261 255
Group 4 25 0 .5 240 2 4 1 .5 234 2 2 6 .5
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w hich may not be due to  environm ental m a n ip u la tio n . The s o c ia liz e d  
groups (1 and 3 ) had a mean heart r a te  o f  2 4 2 .7 0 /m in u te , whereas, 2 
and 4  had a mean h eart ra te  o f  2 3 0 .4 0 /m in u te .
In  C o n d itio n  4 as in  the preced ing , a s t a t i s t i c a l l y  s ig n if ic a n t  
d iffe re n c e  between h ig h - and lo w -p ro te in  groups (T ab le  18) was ob­
served . As was a ls o  the  case in  c e r ta in  preceding c o n d itio n s , the d ie ts  
were th e  o n ly  s t a t i s t i c a l l y  s ig n if ic a n t  d iffe re n c e s  determ ined by the  
a n a ly s is  o f  v a r ia n c e . The mean h eart ra te s  e x h ib ite d  by the h igh-pro^  
t e in  monkeys in  C ondition  4 was 225.60 /m inu te  as compared to  247 .50 /m in ­
u te  fo r  the lo w -p ro te in  monkeys (F ig u re  5 ) .  Comparing the h eart ra te s  
in  C o n d itio n  3 w ith  C ond ition  4 ,  ve ry  s im ila r  re s u lts  were o b ta in ed .
Summary o f  th e  A na lys is  o f  the Four C onditions
Throughout th is  s tudy , s t a t i s t i c a l l y  s ig n if ic a n t  d iffe re n c e s  were 
demonstrated between th e  h ig h - and lo w -p ro te in  monkeys. When th e  four 
co n d itio n s  are  analyzed to g e th e r , the  mean heart r a te  fo r  the h ig h -p ro ­
te in  monkeys was 2 2 0 .1 8/m in u te . The mean h eart ra te  fo r  the lo w -p ro te in  
monkeys over the four co nd ition s  was 246 .21 /m in u te  (F ig u re  1 1 ), a d i f ­
fe rence which was s ig n if ic a n t  a t  th e  .01 le v e l (T ab le  1 9 ).
The d if fe re n c e  in  h eart ra te s  between each o f  th e  four groups was 
a ls o  s ig n if ic a n t  a t  th e  .01 le v e l (T ab le  1 9 ) .  The mean heart ra te  
fo r  Group 1 fo r  the  four co n d itio n s  was 2 1 3 .7 3 /m in u te , w h ile  Group 2 
had a mean h e art r a te  o f  2 2 6 ,6 3 /m in u te , Group 3 had a mean heart r a te  
o f  2 5 3 .4 2 /m in u te , and Group 4 had a r a te  o f  23 9 .0 0 /m in u te .
An in d ic a t io n  o f  the  s tre ss  in vo lved  in  each o f  the co nd ition s  
may be seen in  th e  summary o f  th e  mean h e art ra te s  fo r  a l l  s ix te e n  o f
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TABLE î 8 .  SUMMARY OF THE ANALYSIS OF VARIANCE* CONDITION k  
(ISOLATED).
Source SS d f MS F
A 9592.20 1 9592.20 16 . 132*
B 3025.80 1 3025.80 5 .0 89
AB 649.800 1 649.800 1.093
J 1180 .80 4 295.200 1 .635
AJ 91 .8 0 00 4 22.9500 0 .1 27
BJ 646.200 4 161.550 0 .8 9 5
ABJ 241.200 4 6 0 .3 0 0 0 .3 3 4
*s fg n iF lc a n t  a t th e  .Ot 1eve1
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TABLE 19 . SUMMARY OF THE ANALYSIS OF VARIANCE* CONDITIONS 1 ,2 ,3 ,and 4 .
Source SS d f MS F
A 54236.1 1 54236.1 4 2 .2 4 9 *
B 46 .5125 1 46 .5125 0 .0 3 6
AB 14933.1 1 14933,1 11 .633*
J 225818. 3 75272.5 102.156*
AJ 13633.5 3 4544.51 6 . 168*
BJ 5893.14 3 1964.38 2 .6 6 6
ABJ 4551.33 3 1517.11 2.059
K 1585.43 4 393.356 6 . 362*
AK 127.325 4 31.8313 0.511
BK 386.675 4 96.6687 1.552
ASK 334.575 4 83 .6439 1.343
JK 711.172 12 59.2643 0 .6 0 9
AJK 372.276 12 31.0230 0 .3 1 9
BJK 646.924 12 53.9103 0 .5 5 4
ABJK 793.227 12 66.1023 0 .6 7 9
« s ig n if ic a n t  a t  th e  .01  le v e l
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th e  monkeys over th e  four c o n d itio n s . The c o n d itio n  which I  assumed 
to  impose th e  low est le v e l o f  s tress  was C ondition  1 . The mean heart 
r a te  fo r  th e  e n t i r e  sample in  th is  study was 1 92 .5 5 /m in u te . C ondition  
2 ,  which I  assumed contained the g re a te s t s tress fo r  the macaques, 
showed a mean heart r a te  fo r th e  s ix te e n  monkeys o f  267 . 08/m in u te . 
C o n d itio n  3# which may have been an expression o f  th e  s tress  invo lved  
in  s o c ia l in te r a c t io n s , showed a mean h eart ra te  o f  236 . 60/m in u te .  
C on d ition  4 ,  which was assumed to  present s im ila r  s tre ss  cond itions  
as C o n d ition  3# but th is  tim e the  s tre s s  should have been on the  
s o c ia l groups, e l i c i t e d  a mean h eart ra te  o f  236 . 55/m in u te .
Another fe a tu re  o f  th is  study pointed out in  a summary o f  the  
s ix te e n  monkeys* c a rd ia c  responses in  th e  four c o n d itio n s , is  the  
gradual p h ys io lo g ic a l adjustm ent to  th e  imposed environm ental c o n d itio n s . 
At m inute 2 o f  th e  10-m inute p e rio d , th e  mean heart r a te  fo r the  
s ix te e n  monkeys was 235 .88 /m in u te  fo llow ed by 23 4 ,31 /m inu te  a t m inute  
4 ,  2 3 3 . 88 /m in u te  a t  m inute 6 ,  233 .34 /m in u te  a t m inute 8 ,  and 229 . 16/m in ­
u te  a t  m inute 1 0 .
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CHAPTER IV  
DISCUSSION
In  th is  s tu d y , h eart ra te s  o f m alnourished rhesus macaques have 
been shown to  be s ig n i f ic a n t ly  h igher than those o f h ig h -p ro te in  mon­
keys in  a l l  four o f  the  experim ental c o n d itio n s . The answer to  why 
th is  s ig n if ic a n t  d iffe re n c e  in  heart ra te s  is  somewhat more d i f f i c u l t  
to  d is c e rn . From th e  a n a ly s is  o f  data obtained in  th is  study, the  
answer may be p a r t ia l ly  exp la ined  in  terms o f the a b i l i t y  o f ma 1 nor -  
ished anim als to  ad ju s t to  s tre s s . The heart r a te  is  thus p a r t ia l ly  
p ro p o rtio n a l to  the s tre s s . In  th e  low s tre ss  co n d itio n  (C ondition  
1 ) in  which s tre ss  was m inim ized by a high degree o f sed atio n , the  
le a s t d if fe re n c e  in  h e a rt ra te s  between h ig h - and lo w -p ro te in  monkeys 
was reco rd ed . In  the low s tre ss  c o n d itio n , heart r a te  v a r ia t io n s  were 
found w ith in  and between the groups; even in  th is  low s tress  c o n d itio n , 
in  which no e x te rn a l s t im u li are  g rossly  arousing th e  organism , c e r ta in  
d iffe re n c e s  e x is t  in  h e art r a te s .  The re s u lts  here may in d ic a te  
a p h ys io lo g ic a l d is tu rb ance  caused by th e  p ro te in  d e f ic ie n c ie s , y ie ld ­
ing th e  s l ig h t ly  increased  h eart r a te s .  However, th e  d iffe re n c e s  in  
h eart ra te s  observed in  C ondition  1 may be due to  p resen tly  unac­
countab le  s tress  fa c to rs .
The areas in  in  which p h y s io lg ic a l damage may have occurred are not 
p re c is e ly  id e n t i f ie d  and are ra th e r  s p e c u la tiv e  due to  the lack o f r e ­
search emphasis on th is  p a r t ic u la r  a re a . However, th re e  areas may be
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d e lin e a te d  as being possib le  s ite s  or le v e ls  o f  p h ys io lo g ica l damage, 
and which would y ie ld  increased h eart r a te s .  The th re e  s ite s  a re : one, 
th e  channels o f  th e  neuron by which sodiwn e n te rs  th e  c e l l  from the  
e x t r a c e l lu la r  re g io n ; tw o, the p ro te in -c a lc iu m  binding mechanism in  the  
lo n g itu d in a l tubu les  o f  th e  muscle f ib e r s ;  and th re e , the neural path­
ways o f  th e  parasym pathetic and th e  sym pathetic systems (A ppehdix).
W ith a reduced supply o f  a v a ila b le  p ro te in , which is  bound to  calcium  
and which re p e ls  sodium io n s , th e  c e l l  would be a b le  to  f i r e  a t a more 
ra p id  r a te  due to  th e  ease w ith  which sodium may e n te r th e  c e l l .  The 
le v e ls  o f  th e  p ro te in  in  th is  channel which norm ally re p e ls  sodiun may 
be ex trem e ly  d i f f i c u l t  to  q u a n tify . One gross measure which may in ­
d ic a te  a general p ro te in  a v a i l a b i l i t y  to  such areas may be th e  le v e ls  
o f  th e  serum p ro te in s .
The second area which may be a ffe c te d  by a reduced p ro te in  b inding  
mechanism, is  lo ca te d  w ith in  th e  muscle c e l l .  Calcium ions a re  bound 
to  a p ro te in  substance in  th e  lo n g itu d in a l tubu les  which l i e  p a ra lle l  
to  th e  m y o f ib r i ls .  Upon e x c ita t io n ,  th e  c a lc iu m -p ro te in  bonds a re  
broken causing th e  calcium  ions to  be l ib e r a te d .  The calcium  flows in to  
the  m y o f ib r ils  where i t  ac ts  as a c a ta ly s t  fo r the  c o n tra c tio n  o f  the  
in d iv id u a l c e l l s .  W ith  a reduced a v a i l a b i l i t y  o f  p ro te in  fo r  long 
enough periods o f  t im e , th e  p ro te in  norm ally  in vo lved  in  th e  calcium  
b in d in g  in  th e  muscle c e l l  may be used fo r  o ther sustenance a c t iv i t ie s  
such as m aintenance o f  m etab o lic  r a te s .  The decreased a v a i la b i l i t y  
could y ie ld  g re a te r  amounts o f  l ib e ra te d  ca lcium  which could fu n c tio n  
to  in cre as e  th e  r a te  o f  c o n tra c tio n  o f  th e  c a rd ia c  m uscle.
The t h i r d  area o f  p o ss ib le  damage due to  p ro te in  d e fic ie n c y
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would bo th o  d e s tru c tio n  o f  th e  neural pathways involved In  th e  para­
sym pathetic  and sym pathetic n erves . A d e s tru c tio n  o f  the  in h ib it io n  
processes o f  th e  parasym pathetic system may be resp ons ib le  fo r th e  
increased r a t e  o f  c a rd ia c  a c t iv i t y  (A ppendix)•
In  C o n d itio n  2,  which I  assumed was the  c o n d itio n  o f  the g re a te s t  
s tre s s  fo r  th e  organism , th e  g re a te s t d iffe re n c e  in  h e art ra te s  was 
observed between h ig h - and lo w -p ro te in  monkeys. When placed in  th is  
s i tu a t io n ,  the lo w -p ro te in  monkeys responded w ith  a h eart r a te  increase  
alm ost tw o fo ld  over th e  h ig h -p ro te in  macaques. T h is , I  b e lie v e ,  
in d ic a te d  th e  in a b i l i t y  o f  th e  m alnourished monkeys to  ad ju s t to  the  
s tre s s fu l environm ent w ith in  th e  ten -m inu te  p e rio d . Thus, the  f i r s t  
two c o n d itio n s  o f  th is  study in d ic a te  th a t more than one component is  
in  e f fe c t  in  increased h eart ra te s  accompanying p ro te in  m a ln u tr it io n .
On th e  one hand, i t  may be as c erta in ed  th a t th e re  is  a p o te n t ia l ly  
d ire c t  p h y s io lo g ic a l e f fe c t  upon th e  ca rd iac  muscle as a r e s u lt  o f  
p ro te in  (m a ln u tr it io n ; on the o th er hand, the  neophobic response seems 
to  be th e  prim ary fa c to r  in  in creas in g  th e  heart ra te s  o f  the  m alnour­
ished macaques.
In  experim en ta l C onditions 1 and 2 , when th e  an im als ' la b o ra to ry  
environm ents (s o c ia liz e d  and Is o la te d )  are  an a ly ze d , no s ig n if ic a n t  
d iffe re n c e s  were observed between th e  two c a te g o r ie s . However, when 
d ie ts  and environm ents analyzed s im u ltan eo u s ly , ra th e r  extrem e v a r ia ­
t io n s  were noted in  h e a rt r a te s .  The lowest h eart r a te  was found in  
Group 1 (h ig h -p r o te in -s o c ia l ) ,  w h ile  th e  h ighest heart r a te  was found 
in  Group 3 ( lo w -p r o te in -s o c ia l ) .  From th is  a n a ly s is  o f  h e a rt r a te s .  
Group 1 may foe viewed as having made th e  most " e f fe c t iv e "  adjustm ent 
to  th e  h ig h -s tre s s  s i tu a t io n .  Group 3 ,  on th e  o th er hand, nay be
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considered to  have made the  le a s t e f fe c t iv e  adjustm ent to  the high  
s tre s s  s i tu a t io n  as in d ic a te d  by th e ir  h eart r a te s .  W hile i t  may 
have been expected th a t  Group 4 would respond w ith  the most ra p id  
h e a rt r a te  in  th is  c o n d itio n , fu r th e r  an a ly s is  o f  the  age and length  
o f  tim e on th e  d ie t  may a t le a s t p a r t ia l ly  e x p la in  why Group 3 showed 
higher ra te s  than d id  Group 4 ,  when supposedly th e ir  normal la b o ra to ry  
environm ent (s o c ia l iz e d )  is  more n e a r ly  optimum than is  is o la t io n .
Average age o f  the  Group 3 monkeys was 20 .5  months, w h ile  the  
average age o f  Group 4 was 4 5 .5  months. F u rth e r , th e  length  o f tim e  
on the lo w -p ro te in  d ie ts  d i f fe r s  s ig n i f ic a n t ly ,  w ith  Group 3 having 
been on th e  lo w -p ro te in  d ie t  1 6 .5  months compared w ith  4 2 .5  months 
fo r  Group 4 .  Given the fa c t  th a t  fa s te r  heart ra te s  are more charac­
t e r i s t i c  o f  c h ild re n  than a d u lts , the  age d iffe re n c e s  between the  two 
groups may be a fa c to r  in  th e  higher recorded h eart ra te s  o f Group 3$ 
and may counter p o te n tia l d iffe re n c e s  th a t  may appear as a r e s u lt  o f  
the e f fe c ts  o f  p ro te in  m a ln u tr it io n . The fa c t  th a t Group 4 has had 
approxim ate ly  25  more months to  a d ju s t to  the decreased p ro te in  
a v a i l a b i l i t y  may be a prim ary fa c to r  in  o f fs e t t in g  d iffe re n c e s  in  
heart ra te s  between the two lo w -p ro te in  groups.
When each o f  the  macaque's h eart ra te s  were analyzed during so c ia l 
in te r a c t io n ,  s im ila r  but less  e x te n s iv e  v a r ia t io n s  in  heart ra te s  were 
observed. A g a in , Group 1 showed th e  lowest h e art r a te  in  th is  s i t u ­
a t io n ,  w h ile  Group 3 , had th e  h ighest h eart r a te s .  In  th is  s itu a t io n ,  
as was th e  case in  C on d itio n  2 , Group 1 seemed to  be less a f fe c te d ,  
p h y s io lo g ic a lly  and b e h a v io ra lty . S ince th is  group norm ally is  
housed in  a continuous so c ia l environm ent and fed an optimum d ie t ,  very
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l i t t l e  s tre s s  o r ,  in  th is  case, increased heart ra te s  should have been 
p res en t* A ga in , Group 3 showed the  most ra p id  heart r a te  in  the so c ia l 
c o n d it io n , which may be a t t r ib u ta b le  to  the  age and length  o f tim e on 
the d ie ts  as discussed above.
Whereas Group 3 demonstrated the h ighest heart ra te s  in  C ondition  
3 ,  another fa c to r  which may in d ic a te  a high degree o f  s tress on the  
organism is  th e  v a r ia t io n  o f h e a rt ra te s  found in  Group 4 during the  
10-m inute reco rd in g  p e rio d . In  s ix  m inutes, the  h eart ra te  o f one 
Group 4 monkey had es ca la ted  from 220/m inute to  288 /m inu te , an increase  
o f 68 b e a ts /m in u te . S im ila r  but less e x ten s iv e  increases were found 
in  o th er members o f  Group 4 ,  Thus, when forced to  s o c ia l ly  in te r a c t ,  
one o f  th e  responses o f  th is  group was wide v a r ia t io n  in  heart r a te s ,  
as th e  s o c ia l c o n d itio n  is  less fa m il ia r  to  the usual is o la te s  than is  
the is o la te d  c o n d it io n .
Comparison o f  responses to  C ond ition  3 and 4 in d ic a te s  fu r th e r  
e f fe c ts  o f  the  la b o ra to ry  l iv in g  co nd ition s  on th e  heart ra te s  o f  
macaques* In  C o n d itio n  4 , in  which each o f  th e  monkeys was placed  
in  th e  s o c ia l room a lo n e , the  c o n tin u o u s ly -s o c ia liz e d  monkeys demon­
s tra te d  a s l ig h t  in crease  in  h e art ra te s  over th e ir  is o la te d  counter­
p a rts . In  th is  c o n d itio n  th e  g re a te r  s tress  was experienced by th e  
s o c ia liz e d  macaques who were suddenly is o la te d ;  th e  e f fe c t  was a higher 
h e art r a te  than th a t  recorded when th e  monkeys were together in  the  
so c ia l room. On th e  o th er hand, th e  norm ally  is o la te d  monkeys showed 
a s l ig h t  decrease in  heart ra te s  in  th e  is o la te d  co n d itio n  in  the  
s o c ia l room as compared to  C on d ition  3 .
Thus, from th is  s tudy , i t  may be concluded th a t p ro te in  m a ln u tr i-
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t îo n  does p la y  a v i t a l  r o le  in  in creas in g  heart ra te s  o f  rhesus maca­
ques* N e ith e r  the ph ys io lo g ica l ab n o rm alities  th a t  re s u lt  from p ro te in  
m a ln u tr i t io n ,  nor th e  neophobic behavior o f  the  organism, which is  
undoubtedly p h y s io lo g ic a lly  based, or the  la b o ra to ry  l iv in g  cond itions  
o f th e  monkeys, can be considered as th e  so le  fa c to rs  in  in creas ing  
h eart ra te s  in  m alnourished rhesus monkeys.  R a th e r, a l l  th re e  v a r ia b le s  
have been demonstrated to  increase h eart ra te s  o f  macaques to  various  
degrees* However, i f  one v a r ia b le  had to  be d e lin e a te d  as the most 
s ig n if ic a n t  in  in cre as in g  heart ra te s  o f  m alnourished rhesus macaques, 
on th e  ba s is  o f  s t a t is t ic a l  a n a ly s is , i t  would be th e  organism 's  
b eh av io ra l response to  new and d i f fe r e n t  environm ental c o n d itio n s .
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CHAPTER V 
SUMMARY
By th e  experim ental m an ipu la tion  o f  environm ental c o n d itio n s , the  
h e art ra te s  o f  p ro te in -m alnourished  rhesus macaques was found to  in ­
crease a t  a s t a t i s t i c a l l y  s ig n if ic a n t  le v e l ( . 0 1 ) compared to  ade­
q u a te ly  nourished c o n tro ls . The re s u lts  o f  th is  study o f  heart ra te s  
in  c h ro n ic a lly  m alnourished rhesus monkeys in d ic a te d  th a t tachycard ia  
is  c o rre la te d  w ith  reduced p ro te in  a v a i l a b i l i t y .  Howeveç the  under­
ly in g  fa c to rs  found in  th is  research  do not com plete ly support previous  
research  fin d in g s  in  th is  area (Chauhan 1968; Gopalan 1955; K h a lil  
e t  a l .  1969; Smythe and Swanepoel 19 62 ). In  previous s tu d ie s , e le c tr o ­
l y t i c  changes were im p lic a te d  as th e  prim ary fa c to rs  in  v a r ia t io n  o f  
c a rd ia c  responses accompanying p ro te in  m a ln u tr it io n . The e le c t r o ly t ic  
balances a re  o f  prim ary im portance in  card iac  f i r i n g ,  and fu tu re  r e ­
search is  needed on the e le c t r o ly te  concentrations o f  the  macaque 
po pu la tio n  in  which th is  study was c a rr ie d  out to  confirm  th e  p rec ise  
r o le  o f  e le c tr o ly te s  in  th e  c a rd ia c  muscle o f  p ro te in -m alnourished  
in d iv id u a ls . What th is  study suggests is  th a t  th e  p ro te in -mal nourished  
monkeys were v « *y  em otional (n e o p h t^ ic ) , which may re s u lt  in  physio­
lo g ic a l arousal o r ,  in  th is  case, increased h e art ra te s  in  s tre s s fu l  
s itu a t io n s .
The neophobia or h y p ere m o tio n a lity  m anifested  by th e  p ro te in -  
m alnourished monkeys in  v a r ie d  environm ental circum stances must be
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c a r e fu l ly  c o n tro lle d  in  fu tu re  p h y s io lo g ic a l ex p erim en ta tio n , as th e  
in flu e n c e s  o f  th e  neophobia may in te r fe r e  w ith  th e  phys io log ica l 
homeostasis an organism has acheived on a reduced p ro te in  a v a i la b i l i t y .  
The r e s u lts  o f  a neophobic research  sub ject would l ik e ly  in te r fe r e  
e x te n s iv e ly  w ith  such hormone and e le c t r o ly te  le v e ls  as* c o r t ic o ­
s te r o id s , serum potassium , serum sodium, and to ta l  serum p ro te in s .
By e x p lo it in g  techniques such as ra d io te le m e try , th e  s tress  can be 
reduced to  a minimum fo r  the  animal ; th e re fo re , ph ys io log ica l data  
may be ob ta ined  w ith  a minimum o f neophobic or hyperemotiona 1 in t e r ­
fe re n c e .
W ith th e  re s u lts  ob ta ined  from th is  study o f  the  e f fe c ts  o f  
p ro te in  m a ln u tr it io n  on h eart ra te s  o f  rhesus macaques, several new 
research  avenues are  a v a i la b le .  F i r s t ,  the  re c o g n itio n  o f the  
neophobia o f  m alnourished in d iv id u a ls , and i t s  e f fe c ts  on one s p e c if ic  
autonomic fu n c tio n , h e a rt r a te s ,  may be expanded to  inc lude th e  mon­
ito r in g  o f  o ther autonomic fu nction s  such as re s p ira t io n  r a t e ,  blood  
p ressu re , and b ra in  e le c t r ic a l  a c t iv i t y ,  which a ls o  may be a ffe c te d  
during exposure to  v a r ie d  environm ents. As mentioned above, by the  
re c o g n itio n  o f neophobia as a b eh av io ra l re a c tio n  having i t s  physio­
lo g ic a l c o r r e la te s ,  th e  co n tro l o f  th is  l i t t le - r e c o g n iz e d  v a r ia b le  
would y ie ld  p h y s io lo g ic a l measurements th a t may approach more pre­
c is e ly  causes o f  th e  p h y s io lo g ic a l v a r ia t io n  th a t  appears in  p ro te in -  
m alnourished organism 's a b i l i t y  to  s u rv iv e . Another avenue o f  fu tu re  
rese arch  in  th is  a re a , which was on ly  touched upon in  th is  s tudy , is  
the  c o r r e la t io n  o f  s o c ia l behavior and p h ys io lo g ica l re a c tio n s . For 
exam ple, i f  p ro te in  m a ln u tr it io n  does a f fe c t  th e  s o c ia l behavior o f
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macaques, what a re  the ph ys io lo g ica l c o rre la te s  to  such behavioral 
p a tte rn s  as grooming or p lay  behavior? Do prote in -m alnourished monkeys 
in te r p r e t  grooming as a s tre s s fu l s i tu a t io n ,  or is  th is  e n t i r e ly  
dependent upon th e  environment in  which th e  animal was reared?
The a p p l ic a b i l i t y  o f  th is  study to  human populations s u ffe r in g  
from ch ro n ic  p ro te in  m a ln u tr it io n  is  p r im a r ily  in  th e  area o f in t e r ­
p re ta tio n  and th e  a p p lic a tio n  o f  ph ys io lo g ica l d& ta . Neophobia or 
h y p e re m o tio n a lity  may be associated  w ith  p ro te in  m a ln u tr it io n  in  humans. 
I f  th e  h y p e rem o tio n a lity  a f fe c ts  autonomic functions in  humans, s im ila r  
to  th a t  o f  macaques, the  p h ys io lo g ica l c o rre la te s  which have been 
d i r e c t ly  a t t r ib u te d  to  p ro te in  m a ln u tr it io n  may have to  be re-exam ined. 
F u r th e r , conscious precautions should be taken to  a l le v ia t e  as much 
s tre s s  as po ss ib le  when o b ta in in g  data  from c h ro n ic a lly  malnourished  
p o p u la tio n s . Where th e  p h ys io lo g ica l data  obtained on these popula­
tio n s  is  to  be p r a c t ic a l ly  a p p lie d  by fe d e ra l o r benevolent agencies 
in  an attem pt to  a l le v ia t e  th e  m a ln u tr it io n , th e  re c o g n itio n  o f  the  
e f fe c ts  o f  the m a ln u tr it io n , such as neophobia, may in su re  th e  e f ­
f i c ie n t  im plem entation o f  th e  program, in stead  o f  the  dismal fa i lu r e s  
which o fte n  r e s u l t .
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APPENDIX
Physiology o f  the Heart
The h e a rt is  a muscular c o n tr a c t i le  organ which pumps blood 
throughout th e  c ir c u la to r y  system . The h e art is  composed o f four 
chambers: two chambers c a lle d  a u r ic le s , and two lower chambers c a lle d
v e n t r ic le s .  The prim ary pumping chambers o f the h eart are the v e n t r i ­
c le s ,  which c o n ta in  much more muscular mass than the a u r ic le s . The 
e le c t r ic a l  impulses o f the c a rd iac  muscle which r e s u lt  in  muscle 
c o n tra c tio n  w ith in  th e  h e a r t 's  chambers a re  e a s ily  d e tec ta b le  using  
e le c tro d e s  p o s itio n ed  on various areas o f the body. The technique  
used to  d e te c t the  e le c t r ic a l  impulses em itted  from the heart during  
muscular c o n tra c tio n  is  c a lle d  e le c tro c a rd io g ra p h y .
The p h ys io lo g ica l basis o f  the e lectrocard io gram
The normal e lec tro card io g ram  (EKG) is  composed o f e s s e n t ia lly  
th re e  components o f  f iv e  waves. The f i r s t  component or wave is  known 
as th e  p-wave, which begins in  th e  s in o -a t r ia l  node, located in  a 
p o s te rio r  p o s itio n  o f  the r ig h t  a tr iu m . The s in o - a t r ia l  node possesses 
a re s t in g  membrane p o te n tia l o f  approxim ately 55-60 mv. as compared 
w ith  the  8 0 -9 0  mv. in  o ther f ib e rs  o f the heart (Guyton 19 71 ). This  
low membrane p o te n tia l fo r  sodium provides the i n i t i a l  d e p o la r iz a tio n  
o f  th e  a t r i a l  muscles w hich, in  tu rn , spreads to  th e  surrounding card iac  
muscles a t  a v e lo c ity  o f  0 .3  m eters per second (Guyton 19 71 ). The p -  
wave, th u s , rep resen ts  the e le c t r ic a l  a c t iv i t y  o f  d e p o la r iz a tio n  in  
the s in o - a t r ia l  (S -A ) node (F ig u re  I ) .  On the e le c tro c ard io g ra m , the
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p-wave appears as a s l ig h t  p o s it iv e , or upward, d e fle c tio n  (F ig u re  2 ) ,  
Each tim e the s in o -a t r ia l  node is  d ep o larized  (p-wave) the de­
p o la r iz a t io n  e f fe c t  spreads to  a l l  o f the  surrounding card iac  muscle 
c e l ls  which p a r t ic ip a te  in  the spreading d e p o la r iz a tio n ; some card iac  
muscle c e l ls  have th e  a b i l i t y  to  tran sm it the impulses much fa s te r  to  
the  o ther reg ions o f  the  h e a r t . Occurring ju s t  a f te r  the d e p o la r iza ­
t io n  o f  th e  muscle f ib e r s ,  is  th e  co n tra c tio n  o f the atrium  which 
fo rces blood in to  th e  v e n tr ic le s  through the a t r io -v e n t r ic u la r  v a lv e . 
Due to  the  len g th  o f tim e req u ired  fo r  the a t r i a l 's  blood supply to  
empty in to  th e  v e n t r ic le ,  the  impulse which re s u lts  in  d e p o la r iz a tio n  
o f the c a rd ia c  muscle is  delayed fo r a b r ie f  period before  being 
tra n s m itte d  to  the a t r io -v e n t r ic u la r  bundle, which conducts the impulse 
from th e  a triu m  to  the  v e n t r ic le .  The component which is  invo lved in  
the  delayed transm ission o f  the impulse in  the a tr io -v e n tr ic & #  
bundle is  c a lle d  the a t r io -v e n t r ic u la r  node (A-V Node). The A-V node 
delays th e  impulse fo r approxim ately 0 .11 seconds (Guyton 1971). This  
d e lay  in  transm ission  o f  impulses is  re f le c te d  in  the  P-Q in te rv a l o f  
the  e le c tro card io g ram  (F ig u re  2 ) .  A fte r  the 0.11-second d e la y , the  
impulse is  tra n s m itte d  down th e  A-V bundle v ia  a group o f  t ra n s is t io n a l  
f ib e r s .  The A-V bundle is  composed o f  a group o f  c e lls  known as the  
K irk in je  f ib e r s .  The P lirk in je  f ib e rs  have an extrem ely fa s t conduct­
i v i t y  p o te n t ia l ,  w ith  the a b i l i t y  to  tran sm it impulses a t a v e lo c ity  
o f  1 .5  to  2 .5  m eters per second (Guyton 19 71 ). The r a p id ity  by which 
th e  impulses a re  tra n s m itte d  throughout th e  v e n tr ic le s  allow s fo r a l ­
most sim ultaneous c o n tra c tio n  o f  th e  v e n tr ic u la r  m uscles, assuring  
th a t  the blood w i l l  be pumped w ith  enough v e lo c ity  to  reach the  e n t ir e
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body. The A-V bundle threads I t s  way down th e  septum and, a t the apex 
o f  th e  v e n t r ic le s ,  branches in to  two groups, th e  r ig h t  and the l e f t  bun­
d le  branches, which then curve upward along the  la te r a l  w a lls  o f  the  
v e n tr ic le s  (F ig u re  1 ) ,  Approxim ately o n e -th ird  o f  the d is tance o f  
th e  la te r a l  w a lls  from the apex, the P urk in je  f ib e rs  desseminate in to  
many t in y  branches spreading out in  a l l  d ire c t io n s . The end points o f  
these f ib e r s  merge w ith  the muscle f ib e r s ,  a llo w in g  the  impulse to  be 
r e a d i ly  tra n s m itte d  to  the  m uscle. The to ta l  tim e req u ired  fo r an 
im pulse to  t ra v e l from the A-V node to  the term ina l points o f  the  
K irk in je  f ib e r s  is  0 ,0 3  seconds (Guyton 1971)* Thus, an impulse 
has th e  a b i l i t y  to  t ra v e l the  e n t ir e  length  o f  the endocardial w a lls  
o f  th e  v e n t r ic le  in  a v e ry  short tim e assuring th a t  the impulses a r r iv e  
a t t h e ir  te rm in a l po ints a t approxim ately th e  same tim e . The next 
component o f  the  e lec tro card io g ram  is  termed the QRS complex, c o n s is t­
ing o f  th re e  waves (F ig u re  2 ) ,  which includes the  e n t ir e  d e p o la r iz a tio n  
o f v e n tr ic u la r  f ib e r s .  Just a f te r  the d e p o la r iz a tio n  o f  the  v e n tr ic le s  
occurs, c o n tra c tio n  o f  th e  v e n tr ic le s  takes p lac e , fo rc in g  blood 
through th e  semi lunar va lves and back in to  the  a r te r ie s .
The f in a l  component o f  the  e lec tro card io g ram  is  c la s s if ie d  as the  
T-w ave, which is  r e f le c te d  in  a s l ig h t  upward d e fle c tio n  o f the re c o rd e r, 
caused by th e  recovery  o f  th e  v e n t r ic le  muscle a f te r  d e p o la r iz a tio n .
Neurophysiology o f  c a rd ia c  muscle
The f ib e r s  o f  c a rd ia c  muscle are  considered to  be s t r ia te d ,  the  
same as those found in  s k e le ta l m uscle. L ike  s k e le ta l m uscle, card iac  
muscle a ls o  co n sis ts  o f  m y o f ib r ils  co n ta in in g  a c t in  and myosin f i b r i l s  
t ig h t l y  in terw ound. During muscular c o n tra c tio n , th e  f i b r i l s  s lid e
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a g a in s t each o th e r y ie ld in g  movement o f  the muscle f ib e r s .  Groups o f  
f i b r i l s  a re  separated  from each o ther in  a lin e a r  fashion by in t e r -  
c a la te d  d iscs which possess an e le c t r ic a l  re s is ta n c e  400 times less  
than  the  c e l lu la r  membrane surrounding th e  bundle f ib e rs  (Guyton 1971). 
The impulses tra v e lin g  down the f ib e rs  a re  ab le  to  pass from one to  
another w ith  r e la t iv e  ease, which assures a fu n c tio n a l t r a c t  o f  c e lls  
connected by th e  in te rc a la te d  d is c s . Th is fu n c tio n a l network o f card iac  
muscle f ib e r s  is  c a lle d  a fu n c tio n a l synctium . The heart contains  
two such fu n c tio n a l synctium st one is  th e  a t r i a l  synctium and the  
O ther Is  th e  v e n tr ic u la r  synctium . The a t r ia l  synctium is  connected 
t o  th e  v e n t r ic u la r  synctium v ia  the  A-V bund le . I f  one c e ll  in  the  
a t r i a l  synctium  is  s tim u la te d  by a change in  io n ic  co n cen tra tio n s , 
th e  e n t i r e  mass in  th e  group w i l l  become e x c ite d , e v e n tu a lly  causing 
muscle c o n tra c t io n , which w i l l  then spread through the A-V bundle 
to  th e  v e n tr ic u la r  synctium .
The mechanics o f  a c tio n  p o te n tia ls
Two io n s , sodium and potassium , a re  p a r t ic u la r ly  im portant in  the  
process o f  tra n s p o rtin g  io n ic  p o te n tia ls  from one muscle f ib e r  to  the  
o ther in  each o f  the  fu n c tio n a l synctiums o f  th e  h e a r t . The la rg e s t  
c o n c e n tra tio n  o f  sodium is  lo cated  o u ts id e  the c e l l ,  in  the  e x tra ­
c e l lu la r  f lu id ;  potassium is  found in  la rg e  q u a n t it ie s , in s id e  the  
c e l l .  Both ions have th e  a b i l i t y  to  d if fu s e  back and fo r th  across 
th e  membrane. However, i f  d if fu s io n  were to  ta ke  place a t random fo r  
a long enough p e rio d , th e  c e l lu la r  io n ic  co n cen tra tio n  would reach  
e q u ilib r iu m . The r e s u lts  would not promote transm ission o f  im pulses. 
The sodium and potassium (Na-K) pump is  th e  mechanism which provides
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fo r  a changing io n ic  co n cen tra tio n  by which sodium may be removed from 
th e  in t e r io r  o f  th e  c e l l  and potassium pumped back in to  the c e l l ,  there» 
b y , a s su rrin g  an e le c t r o ly t ic  c o n s tan t. Th is constant s h if t in g  o f  ions 
across the  c e l l  membrane provides th e  mechanism by which a c tio n  poten- 
t i a l s  o r ig in a te ,  a llo w in g  transm ission  o f  impulses through the  function*  
at synctium .
Besides la rg e  q u a n tit ie s  o f  potassium io n s , the  in t r a c e l lu la r  
f lu id  a ls o  conta ins an ions, n e g a tiv e ly  charged io n s , th a t do not have 
th e  a b i l i t y  to  d if fu s e  to  th e  e x tr a c e l lu la r  membrane. Potassium is  
known to  d if fu s e  more e a s i ly  across a re s tin g  membrane than does 
sodium. Thus, the  io n ic  p o te n tia l in s id e  a card iac  muscle f ib e r  is  
h ig h ly  dependent upon th e  co n cen tra tio n  o f potassium a t any p a r t ic u la r  
p o in t in  t im e . When potassium d iffu s e s  to  th e  ou ts id e  o f  the c e l l ,  a 
more n e g a tiv e  in t r a c e l lu la r  chefge r e s u lts .  The normal re s tin g  poten­
t i a l  o f  a c a rd ia c  muscle c e l l  membrane is  -8 5  mv. as long as no d is t ­
urbance, such as an im pulse from a neighboring f ib e r  in  one o f  the  
fu n c tio n a l synctium , causes an increased p e rm e a b ility  fo r  sodium.
D uring th is  d is tu rb a n c e , the e n te r in g  sodium decreases the  n e g a t iv ity  
w ith in  th e  c e l l .  Th is  sudden change in  membrane p o te n tia l is  termed 
the  a c tio n  p o te n t ia l .  A change toward p o s i t iv i ty  is  c a lle d  depo lar­
iz a t io n ,  a process described above in  context o f the e le c tro c a rd io *  
grap h ic  waves. Im m ediately a f t e r  d e p o la r iz a t io n , th e  c e l lu la r  membrane 
becomes impermeable to  sodium io n s . By th e  a c tio n  o f  the sodium pcmip, 
w hich is  not com plete ly  understood, the  sodium ions are removed from 
th e  in t e r c e l lu la r  f lu id  and th e  re s t in g  p o te n tia l is  once again r e ­
s to re d , u n t i l  th e  next h e a rt beat o r ig in a te s  in  th e  s in o - a t r ia l  node.
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Removal o f  sodium from the  In te r io r  o f  the c e l l ,  thereby re s to r in g  
th e  re s t in g  p o te n t ia l ,  is  c a lle d  re p o la r iz a t io n .
The s in o - a t r ia l  node possesses a very  low re s tin g  p o te n t ia l ,  ap­
p ro x im a te ly  -5 5  m v ,, as compared w ith  re s tin g  p o te n tia ls  between 8 0 ^ 5  
mv, in  o th e r nerve t r a c ts *  Th is  extrem ely low re s tin g  p o te n tia l 
provides fo r  th e  au to rh y th m ic ity  o f  the  h e a r t . The s in o -a t r ia l  node 
thus possesses a h igh d if fu s io n  p o te n tia l fo r sodium, f a c i l i t a t in g  
d e p o la r iz a t io n .
Calcium  ions are  a lso  invo lved  in  io n ic  tra n s fe r  across the c e l l ­
u la r  membrane. Calcium  in  e x tr a c e llu la r  f lu id  decreases th e  permeab­
i l i t y  o f  th e  c e l lu la r  membrane to  sodium. Calcium ions have a high  
b ind ing  p o te n tia l w ith  p ro te in  molecules (Guyton 1971 ). The calcium  
ions are  thought to  b ind  w ith  the p ro te in s  which l in e  th e  channels 
through th e  c e l l  membranes, which th e  soditm m olecules pass on th e ir  
way in to  th e  in t r a c e l lu la r  f l u i d .  Because calcium  c a rr ie s  p o s it iv e  
charges, th e  sodium is  re p e lle d  when i t  attem pts to  e n te r . As a re s u lt  
o f  some e x te rn a l s tim u lu s , such as an e le c t r ic a l  charge from the ad­
ja c e n t nerve c e l l ,  some o f  the  calcium  ions would become d is lodged , a l ­
lowing th e  sodium ions to  pass in to  the c e l l .
C ard iac muscle c o n tra c tio n
The c o n tra c tio n  o f  ca rd iac  muscle is  not a d ire c t  re s u lt  o f ac tio n  
p o te n t ia ls ,  but ra th e r  i t  is  a r e s u lt  o f  the  movement o f calcium  ions 
in to  the m y o f ib r i ls .  However, th e  ac tu a l re le a s e  o f the calcium  ions 
in  tu rn  d if fu s e  to  the in te r io r  o f  the muscle f ib e rs  where they then  
ac t as a c a ta ly s t  fo r th e  chemical re a c tio n s . The re s u lt  is  the in ­
n e rv a tio n  o f  th e  a c t in  and myosin f ib e rs  which y ie ld  th e  ac tua l muscle
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c o n tra c t io n . A fte r  the a c tio n  p o te n t ia l ,  the calcium  ions are  again  
bound. The r e s u lt  is  a decreased co ncen tra tion  o f a v a ila b le  calcium  
io n s . The chemical rea c tio n s  in  which th e  calcium  ions served as the  
c a ta ly s t  subsides, and the  muscle re la x e s  u n t i l  the  next a c tio n  
p o te n t ia l .
Autonomic c o n tro l o f  ca rd iac  muscle
The autonomic c o n tro l o f  the ca rd iac  muscle w i l l  be exp la ined  in  
terms o f  th e  two systens a f fe c t in g  i t s  the parasym pathetic and the  
sym pathetic  nervous systems.
The c a rd ia c  in n e rv a tio n  by the parasym pathetic nerves is  p r im a r ily  
in  two areas; the s in o - a t r ia l  node and the a t r io -v e n t r ic u la r  node 
(F ig u re  3 )»  I t  may a ls o  be observed, in  F igure 3 , th a t the  m a jo r ity  
o f  the  parasym pathetic nerve endings are  found in  the a t r ia l  reg ion  
and ve ry  few in  th e  v e n tr ic u la r  re g io n s . Upon s tim u la tio n  o f the  
c a rd ia c  parasym pathetic nerves, c a lle d  the  v a g i, the  neurochemical 
a c e ty lo c h o line is  re le a s e d . Guyton (1971) rep o rts  two prim ary e f fe c ts  
o f  a c e ty lc h o lin e  on c a rd ia c  t is s u e ; f i r s t ,  i t  lowers the ra te  o f rh y th -  
m ic ity  o f  the s in o - a t r ia l  node and, second, i t  lowers the  e x c i t a b i l i t y  
o f  th e  t r a n s it io n a l  f ib e rs  o f  th e  a t r io -v e n t r ic u la r  node. I f  the vagal 
nerve s t im u la tio n  is  o f  long enough d u ra tio n , th e  Impulses are unable 
to  reach th e  v e n t r ic le s ,  which re s u lts  in  the K irk in je  f ib e rs  o f the  
v e n tr ic le s  assuming c o n tro l o f  th e  rhythm o f  the  c a rd ia c 's  c o n tra c t i le  
process.
The p h y s io lo g ic a l r e s u lt  o f  the  re le a s e  o f a c e ty lc h o lin e  v ia  the  
vagal nerve is  an increased membrane p e rm e a b ility  to  potassium. Potas-
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sium is  then a b le  to  escape in to  the  e x tr a c e llu la r  space, leav ing  pre­
dom inantly a n io n ic  in t r a c e l lu la r  co n ce n tra tio n s . The re s u lt  is  an in ­
creased n e g a t iv ity  or hyper p o la r iz a t io n . In  an hyper p o la rized  s ta te  
th e  c e l l  is  much less e x c ita b le  and th e re fo re  less l ik e ly  to  f i r e .
As diagrammed in  F igure 3» the  sym pathetic nerves occur in  the  
g re a te s t frequency in  the v e n tr ic u la r  re g io n . W hile  the  parasympa­
th e t ic  nerves slow down the h e a r t - r a te ,  the sym pathetic nerves pro­
v id e  a general arousal o f  ca rd iac  a c t iv i t y .  The e f fe c t  o f sympa­
th e t ic  s t im u la tio n  on the  ca rd iac  muscle is  th re e fo ld  (Guyton 1971), 
F i r s t ,  i t  causes an increased ra te  o f  discharge o f  the s in o -a t r ia l  
node. The second is  what may be c a lle d  an o v e ra ll increased a c t iv i t y  
o f th e  c a rd ia c  m uscle. The th ir d  e f fe c t  is  the increased fo rc e  o f  
c a rd ia c  muscle c o n tra c tio n  in creas ing  the output o f  blood (Guyton 1971)*
Upon sym pathetic s t im u la t io n , no reph inephrine is  re le a s e d . N or- 
ep h in eph rin e  is  b e lie v e d  to  increase th e  p e rm e a b ility  o f the c e l lu la r  
membrane to  sodium. By in c re as in g  th e  p e rm e a b ility  to  sodium, the  
r e s t in g  p o te n tia l o f  the  h eart would be decreased, approaching the  
le v e l o f  s e l f -e x c i ta t io n  and re s u lt in g  in  an increased heart r a te .
I f  n o re p h in ep h rine is  re le a se d  in  th e  v ic in i t y  o f  the  A-V node, eas ie r  
conductance o f  impulses would be f a c i l i t a t e d ,  decreasing th e  delay o f  
tran sm iss ion  normal to  th e  A-V node.
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